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ABSTRACT

This thesis describes the curve fitting algorithm that the Portable Wear Metal

Analyzer used for calculating concentrations in ppm and compares this with some
alternative algorithms. Each algorithm considered fits a curve to the three standards
used, which were 20%, 50%, and 100% of the full scale for all nine wear metals. APL
was used for all programs.
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1. INTRODUCTION

Spectrometric oil analysis is used to determine the type and amount of wear
metals in lubricating oil samples. The Portable Wear Metal Analyzer (PWMA) was
developed for the USAF to perform engine oil analysis when aircraft are deployed
away from their home bases. The analyzer can detect nine wear metals in parts per
million concentration ranges. PWMA takes samples with known concentration to
obtain absorbance areas, and uses those to determine a calibration curve. Absorbance
areas obtained from unknown samples are compared to the calibration curve so that
their concentration can be calculated.

This thesis describes the curve fitting algorithm that the PWMA used for
calculating the concentration in ppm an d compares this with some alternative
algorithms for the curve fitting. We compare these algorithms to see which algorithm
performs best. Each algorithm considered fits a curve to the three standards used 20%,
500%", and 100% of the full scale for all nine wear metals. APL was used for all
programs.

Data gathered as the result of the field test of the PWMA are described in
Chapter 11. Three rational functions, and polynomials which are quadratic in
absorbance and quadratic in concentration are suggested as alternatives in Chapter Ill.
A squared error technique is employed to compare the algorithms' performances.
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I. PWMA AND DATA DESCRIPTION

A. GENERAL
The PWMA test program was conducted at Naval Air Station, Pensacola FL,

and three Air Force field test sites, Langley AFB, VA, Myrtle Beach AFB, SC, and

Elmendorf AFB, AK in 1985. The purpose of this test plan was to determine the

effectiveness and evaluate the functionality of the newly developed PWMA prototypes

for measuring wear metal content in turbine engine lubricating oils under field

conditions.
When aircraft are deployed from their home bases to austere sites where normal

oil analysis capabilities are nonexistent, there still exists a requirement to determine
wear metal concentration in turbine engine lubricants. Due to the critical nature of

turbine engine lubrication system component wear, particularly in high performance
systems such as the F-15, F-16, and A-10 aircraft, the requirement for oil analysis may

be on an "after each flight" basis. Presently, the Air Force deploys Flame Atomic

Absorption (FAA) spectrophotometers [Ref. 1: p. 501, which were not designed for

mobile use. These instruments are sensitive and highly susceptible to damage when

deployed for mobility exercises; such damage may lead to partial or complete loss of oil

analysis capability in early stages of such exercises. In addition, the instruments require

hazardous support accessories, such as compressed gases (nitrous oxide and acetylene)

and solvents for dilution (and, in some past cases, acid solutions for digestion of wear

metal particulates).

In 1980 HQ TAC issued TAF SON 305-80, establishing the requirement for a

critically needed light-weight portable aircraft engine oil analysis unit. In response,

AFWALI undertook a contractual effort to determine the feasibility of developing such

a device (Contract Number F33615-80-C-2037). Since no such spectrometer with

required light-weight portable features was commercially available, a major

development program was initiated to ruggedize and miniaturize the conceptual

hardware for mobility use. The actualization of the portable wear metal analyzer has

been achieved under Contract Number F33615-81-C-2080 by Perkin-Elmer

Corporation, Applied Science Division.

'Air Force Wright Aeronautical Laboratory
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3. THE PORTABLE WEAR METAL ANALYZER
The PWMA features simultaneous measurement of nine wear metals in

lubricating oils with an analysis cycle of four minutes (via air cooling): Silver (Ag),
Aluminum (AI), Chromium (Cr), Copper (Cu), Iron (Fe), Magnesium (Mg), Nickel
(Ni), Silicon (Si), and Titanium (Ti). Moreover, with the potential modification to
water cooling on production units, this time can be reduced to two minutes. In
addition, the PWMA may be operated on either 110,220 VAC, 50 or 60 Hertz, to
accommodate use in both the U.S and Europe. The PWMA is packed in two
aluminum "suitcases": the electronics/argon case, weighing forty pounds; and the

furnace: optics case, weighing sixty pounds. The cases are readily set-up and
interconnected by two multiconductor cables and one pneumatic hose. Developed for
simple operation and reduced dependence on skill and labor of the operator, the

PWMA is characterized as follows: ease of set-up and self-contained configuration;
minimal consumables (sample tips, graphite tubes and argon gas supply); no hazardous
gases or chemicals (inert compressed gas only); microprocessor-controlled software for

calibration, diagnostic etc.; and elimination of transcription errors by automated read-

out/print-out of data and results.

The PWMA operates on the principle of absorption of characteristic radiation
by atoms of the wear metals of interest. Two multi-element hollow cathode lamps

(HCLs), alternately pulsed for source combination and modulation, provide emission
source lines for discrete line absorption by specific atoms, which are formed through

heating in a preprogrammed ramped cycle (up to 3000' C) in the graphite furnace. All
nine absorption lines can be separated simultaneously by the polychrometer and

transmitted to respective discrete photomultiplier tubes (where the signal is transduced

from energy to current). Next, each individual electrometer converts the current to a
voltage signal, which is amplified and processed by the analog (AID) converter. The

output is printed in concentration (parts per million, ppm) for all measurements.
The operation of the PWMA is as follows. The operator first introduces an oil

sample into the graphite tube of the Graphite Furnace Assembly. The PWMA start

button, located on the control panel, is then depressed, and the entire analysis program
is initiated and controlled by an "on board" microcomputer. As the graphite furnace

executes the atomization cycles, the emission line spectra originating from the HCLs

are focused through the graphite tube to the polychrometer where they are separated
into individual spectral lines and are further conveyed to the exit slits. The spectral

10
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lines pass through their respective exit slits where their spectral intensities are detected

and measured by individual Photomultiplier Tubes (PMTs). Wear metals present in

the oil sample will absorb the light associated with each metal's spectral line, thus

reducing the intensities reaching the PMTs. The amount of light absorbed is related to

the concentration of metal in the oil sample.

The PWMA has several function modes. In the calibration mode, a prepared

sample with known concentrations is used to get the absorbance data. Analysis mode is
selected to analyze the unknown samples. The prototype PWMA prints out two types

of data in the analysis mode, concentration data (computed by the on-board

microprocessor) and absorbance data (in parentheses). These data can be used to

compare analysis algorithms.

C. TEST PROGRAM AND DATA COLLECTED
The four prototypes were tested at their respective field evaluation sites. The test

followed the PWMA field test bum sequence, which is in Appendix A. The graphite

tubes, used in the graphite furnace, deteriorate gradually with use, and should be

replaced after every 160 sample bums. If a new graphite tube is being used,

preconditioning of the tube is required. Laboratories were to follow the test sequence

which included calibration samples, verification samples, correlation samples, random

samples, reslope, and so on. Three calibration samples were prepared in MIN-L 7808
oil containing 20%, 50% and 100% of full scale for all nine metals. Perkin-Elmer

provided these samples. Three verification samples were prepared in MIN-L 7808 oil

containing 10%, 40% and 70% of full scale for all nine metals. Perkin-Elmer provided

these samples, too. Correlation Samples used turbine engine oil samples. Each sample

contained a minimum of 7 wear metals. Random samples were routine daily samples

obtained at each evaluation site. This analysis employs only the calibration and
verification samples.

The concentration data printed out by the PWMA are calculated by the

microprocessor with the use of a calibration technique. Samples with known
concentrations are analyzed first and the absorbance data obtained are used to

construct calibration curves. Absorbance data obtained from unknown samples are

then compared to the calibration curves so that their concentrations can be calculated.

Later verification samples obtained from known samples give an indication of how
valid the calibration curve is.

11
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Table 1 shows data collected from one of the field test sites. P523 means

'Pensacola May 23rd, 1985", the place and the date the data were collected, "401" is

the tube sequential number. CAL IA and CAL IB stands for the calibration sample

20'o. Cal II and Cal III are 50% and 100% of full scales respectively. In order to

provide a more accurate result, a two-point average calibration was used for the field

test, i.e., two CAL I samples were run at CAL I position; two CAL II samples at CAL
II position; and two CAL III samples at CAL III position. For each calibration run,

the numerical values are the absorbance data printed out (rounded to integers). The

PWMA averaged the two samples at the same level, and stored them as the calibration

points, but the average value was not printed out.

TABLE I

ABSORBANCE DATA OF TUBE 401

P523 401 Element

Fe Ag Al Cr Cu Mg Ni Si Ti

CAL IA 58 53 10 38 23 44 40 10 10

CAL IB 56 52 10 34 22 46 38 8 9

CAL IIA 115 98 19 83 47 60 92 28 30

CAL IIB 111 100 21 84 43 61 96 18 29

CAL IIIA 1143 129 26 104 70 72 119 33 42

CAL IIIB 145 131 24 104 71 74 120 35 44

VERIF 10 CONC 9 1 2 1 4 3 3 2 5

VERIF 10 ABS 28 28 5 17 12 32 19 4 11

VERIF 40 CONC 44 4 10 4 18 9 12 9 7

VERIF 40 ABS 105 90 17 70 42 56 79 20 20

VERIF 70 CONC 70 7 9 6 28 17 20 12 10

VERIF 70 ABS 129 114 16 88 56 66 105 26 29

Part of the data for tube 401 is shown in Table 1. The complete data for tube

401 is attached in Appendix B. VERIF 10, VERIF 40 and VERIF 70 are the
verification samples. The data in the first row of VERIF 10 is the computed

concentration and the second row is absorbance data.

12



Table 2 shows all the data available for this study, Langley by location tested 6

tubes, Myrtle Beach tested 5 tubes, Pensacola tested I I tubes, and Elmendorf tested 6

tubes. All 28 tubes were used during the field test program.

TABLE 2

DATA OF EACH LABORATORY

Lab. Tubes Total

Langley PPMI01 PPM202 PPM203
PPM204 PPM20 PPM207 6

Myrtle PPM302 PPM303 PPM304
Beach PPM305 PPM306 5

Pensacola PPM401 PPM403 PPM404
PPM405 PPM406 PPM408
PPM409 PPM412 PPM413
PPM415 PPM416 11

Elmendorf PPM501 PPM502 PPM503
PPM504 PPM5O5 PPM507 6

In the PWMA, three calibration standards of 20%, 50% and 100% are used to

construct the calibration curve. The absorbance data in CAL IA through CAL ll[B
are used to compute the calibration curve coefficients. A pair of two point rational

equations were used to fit the calibration curves, one for each of the nine elements.

The function used is given in equation 2. 1.

C - KIA,'(K2A-1) (2.1)

where K, K2 are unknown coefficients, C is concentration in ppm, and A is

absorbance data.

The first part of the curve uses absorbance values obtained from 20% and 50%

samples and the second part of the curve uses values obtained from 50% and 10000.

We will explain how the concentration value of 9, the first line of the VERIF 10 in

Table 1, was computed in the PWMA. Figure 2.1 shows the calibration technique

used by the PWMA. In Figure 2.1, the first part of the curve for the FE is given by
the solid line, the second part of the curve is given by the dashed line, and symbol +
identifies the three calibration points. The verification absorption values of 129, 105

13
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0 20 40 Go so

9 44 CON 70

Figure 2.1 Calibration Technique used by the PWMA.

and 28 are applied to the curve, and the calibrated data computed by the PWMA are
70, 44 and 9 respectively. However, the correct values are 70, 40 and 10. Verification
sample VERIF 10 which has known concentration 10 produces absorbance data 28, as

shown in Table 1. If the absorbance data 28 was fitted to the curve from the

absorbance axis, then its concentration should be close to 10. However, it shows some
deviation because the curve point projected to the concentration axis makes
concentration 9, as shown in Figure 2.1. When the observed absorbance is within the

range of 0 to the absorbance value at 50% concentration, the first curve is applied to

compute the concentration. For the absorbance data greater than this, the second
curve is applied to compute the concentration. The computer selects the proper curve

to calculate data, dependent upon the calibrating concentrations of all nine elements.

[Ref 2: p. 671
The PWMA has a multi-element capability, the 9 elements already listed in Table

1, Iron, Silver, Aluminum, Chromium, Copper, Magnesium, Nickel, Silicon and
Titanium.

14



The full scale capabilities for these elements are shown in Table 3. For example,

the full scale value for Fe is 100, and is 10 for Ag. The columns labeled 20%, 50% and

10001 are CAL I, CAL 11 and CAL III samples respectively. The 10%, 40% and 70%

columns are VERIF 10, VERIF 40 and VERIF 70 respectively. The concentration

varies with the sample and the element.

TABLE 3

TABLE OF OIL SAMPLE MIXTURES

METAL concentration (ppm)

10% 20% 40% 50% 70% 100%
FE 10 20 40 50 70 100

AG 1 2 4 5 7 10

AL 2.5 5 10 12.5 17.5 25

CR 1 2 4 5 7 10

CU 4 8 16 20 28. 40

MG 2.5 5 10 12.5 17.5 25

NI 3 6 12 15 21 30

SI 2 4 8 10 14 20

TI 2 4 8 10 14 20

CAL I CAL II CAL III

15
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111. ALGORITHMS

A. GENERAL
If one increment of concentration C causes an equal increment of absorbance A

at all levels of C, then we say that there is no curvature in the analytical curve
expressing the relation between C and A. In reality, in the presence of stray light the
analytical curve bends towards the concentration axis. [Ref. 3: p. 6811

Calibration curvature can be controlled to an extent by the instrument design.

The degree of curvature for iron at the 248.3-nm wavelength, for example, is partially
controlled by the spectral bandwidth since most of the curvature can be attributed to
overlap of nearby nonabsorbed lines in the iron spectrum. This curvature effect is
analogous to stray light interferences observed in molecular spectroscopy. However, at
practical instrument settings, it is not possible to eliminate this curvature completely.

B. E. Limbeck investigated transformations of the data from AA (Atomic

Absorption) instruments to forms that would produce more easily handled curves.
Graphic trials on several possible transformations revealed that a plot of A/C vs A or
C/A vs C produced pseudocalibrations that were much less curved than the A vs C
calibrations, even for the extreme cases. He concluded that over a limited
concentration range, two or three standards were sufficient to produce excellent fits for
AA calibrations with the rational algorithm. [RLef. 4: p. 96]

As already mentioned, the PWMA uses a rational function which uses two

standards; to cover the full range this equation is used twice. This same function will
be used twice in the following analysis. The PWMA on board computer uses single
precision arithmetic and establishes its calibration curve internally. The data available
for this study was printed out in the PWMA paper tapes, which rounded the observed
absorbance numbers. Thus, if one uses the PWMA equation to establish a curve, and
then reads the rounded absorbance figures back through this curve, one does not
exactly arrive at the concentration printed out. Thus the first algorithm should give
essentially the same results as those labeled PWMA, which were the rounded figures

from the internal curve. The other two rational functions have three unknown
coefficients so that they are used one time with three calibration standards. We will
examine three rational functions and two quadratic functions, which are defined below.

Algorithml:C - Ai( K1 + K2 A)

16
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Algorithn2:C - I ( A + K3 A 2 ) K2 A- 1)

Algorithm 3: C - A( Ki + K2 A + K3 A2 )

Algorithm4:C - KI + K2 A + K3 A2

AlgorithmS:A - KI + K2 C + K3 C2

B. ALGORITHM 1

This is useful when a simple linear approximation gives a good fit to the plot of

A:C versus A. The following rational function was chosen as algorithm 1:

A/C = KI + K2 A (3.1)

It is clear by a simple rearrangement of the formula that the concentration is a

function of absorbance:

C - A( K1 + K2 A) (3.2)

For brevity, the calibration algorithm using this linear rational function is
referred to as the 'rational method" and is the one actually employed in the PWMA.

This algorithm uses a pair of two-point rational equations 3.2 to fit data for all nine
elements. The first part of the curve uses absorbance data obtained from 20% and

50% samples, and the second part of the curve uses data obtained from 50% and
100% samples.

C. ALGORITHM 2
William B. Barnett found that the equation,

C = K0 ,  IA + K3 A2  (33)
K2 A- 1

was applicable in fitting the analytically useful concentration range of atomic

absorption calibration curves. [Ref. 5: p. 829]

17



In this equation, C is the concentration, A is the observed absorbance, and the

Kj's are coefficients which must be determined during calibration. The coefficient K0 is

the reslope constant which is set equal to 1.0 during the initial standardization, which

C Ki A + K3 A2 (34
~- KA KA(3.4)

K2 A- I

In equation 3.4, concentration has been expressed as a function of absorbance. This is

the reverse of the usual representation where absorbance is considered to be a function

of the standard concentrations. However, expressing concentration as the dependent

variable facilitates its computation without the need for extracting roots of equations

as others had done. Equation 3.4 can actually be used in three forms: as shown in the

PWMA, with K3 being set equal to zero,

C - KI A / (K 2 A-1) (3.5)

or with K2 and K3 both being set equal to zero. This latter case is, of course, the

equation for a straight line which passes through the origin.

When the number of standards matches the number of coefficients to be

determined, it is a simple matter to determine the coefficients by the solution of

simultaneous equations. We will employ simultaneous equations, to show how to get

the coefficients in APL.

Suppose

C (C, C21 ,c 3 ), A- (a,, a , a3 ).

If we express both sides of equation 3.4 in terms of components and then equate

corresponding components, we obtain the system

K , a. K. a, i - 1,2,3 (3.6)

K2 a, I

which leads to

K2 a, ci -c1  K, al + K3 ai
2  i - 1,2,3 (3.7)

18



c -- K +K -K 3 &2  i- 1,2,3 (3.8)

Defne
K- (K1 ,K 2,K3 ). andP- Ptj1 1

with

p12 - a.,

P13 ' ' a,.

Then

C -P K (3.9)

The solution for K is

- K CIP

where I is the matrix inverse operator in APL [Ref. 6: pp. 82, 831.

While this curve may well faithfully represent the Absorbance - Concentration

relationship over the useful range, there are certain possible observed values where it

does not. For example algorithm 2 will not perform well when the observed pairs (c.,

a1) lead to K2 - l/a, where a, < a < a3, since the denominator of equation 3.6

becomes zero. For example, with C - ( 20, 50, 100 ), A -( 43, 117, 152 ), the

calibration coefficients K are ( -0.4693, 0.00694, 0.003322). The fitted curve defined by

these coefficients is shown in Figure 3.1. The horizontal line is an asymptote line at A

equal to 144.16, which is the reciprocal of K2. If the observed absorbance is slightly

less than 144.16, the computed concentration will be a large negative number, and

when the absorbance data is slightly greater than 144.16, then the computed

concentration will be a large positive number, a behavior which would not be

acceptable.

19
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Figure 3.1 An Asymptote Line in Algorithm 2.

D. ALGORITiM 3
This algorithm was suggested by Limbeck [Ref 4: p. 961,

C oA (3.10)
K I + K 2 A + K3 A2

This is a di(ferent extension of algorithm 1, namely, A/C - KI + K2 A. In

equation 3.10, the quadratic term is included. To get the coefficients in APL, we again

employ the notation o" simultaneous equations.

K! + K2ai + K3 ai
2 - ai,'cQ i - 1, 2,3 3.11)

NoW, let

C - ( al'c 1 , a, c2, a3,'c3 ) with
3it 3 WitPil 1.l

Pi2 ai'

20
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and again C - P K, so the solution is

K+CUP

This algorithm can also produce a curve with an interior asymptote, like
algorithmn 2, when the denominator is zero.

Another type of undcsirable shape can occur with this case (as well as algorithm
2). This is illustrated by taking

C - (20, 50, 100)

A - (43, 75, 152)

Then, we find

K - (3.632, -0.0425, 0.0M0188 )

The resulting curve is pictured in Figure 3.2. Increased absorbance will cause lower

CON

ligitre 3.2 Possible Observed Curve from Algorithm 3.

* estimated concentration for A > 141) with this example.



E. ALGORITHM 4

A simple quadratic equation

C K+ K 2 A + K 3 A2  (3.12)

might be a reasonable alternative for a calibration curve.

Equation 3.12 has been expressed as a function of absorbance. This is the reverse

of the usual representation where absorbance is considered to be a function of the

standard concentrations. However, expressing concentration as the dependent variable

facilitates its calculation without the need for extracting roots of equations as is needed

for algorithm 5.

This algorithm may give a satisfactory shape, depending on the A values which

occur during calibration bums.

It has an undesirable shape for

C - (20, 50, 100),

A - (40, 130, 170),

K - (43.3 -0.865, 0.007).

Pictured in Figure 3.3, here decreasing A, for A < 60, gives increasing C.

When

C - (20, 50, 100),

A - (40, 60, 170),

K - (-59.3, 2.3, .0.008),

algorithm 4 gives the curve shown in Figure 3.4, in which increasing A, for A > 140,

leads to decreasing C.

Note that neither of these two curves pass through the origin, since the

polynomial equation will not necessarily give zero concentration with zero absorbance.

In APL the coefficients K are given by

4-CIAo . *012
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Figure 3.3 The Curve Bending Downward at Lower Concentration by Algorithm 4.

where C - (cp c2, c3 ) are the concentrations used and A - ( a2 a, a3 ) are the

observed absorbance numbers.

F. ALGORITHM 5
The final curve to be considered is

A- K +K 2 C + K3 C2  (3.13)

In equation 3.13, absorbance has been expressed as a function of concentration
which is the natural representation. lowever, expressing absorbance as the dependent
variable requires the solution of a quadratic equation to find concentration. Equation

3.13 can be expressed like this,

K3 C' + K2 C + K!-A- 0 (3.14)

Solving the resulting equation for C, we obtain the formula,
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Figure 3.4 The Curve Bending Upward at High Concentration by Algorithm 4.

- K2-k./K 2 -4 K3 KI - A (315
2 K3

Whenever K22 - 4 K3 ( K! - A ) is negative, there is no concentration value C for the

given absorbance A.
As with algorithm 4, two different undesirable shapes may occur; if the initial

calibration data is

C - (20, 50, 100),

A - (40, 140, 170),

then

K - (-60.8, 5.7, -0.03),

giving the curve pictured in Figure 3.5.

If the initial data is

24

- 'I '



CO

/

/

/
/

/

/
/

03 20 40 60 80 1 0
CON'l

Figure 3.5 The Curve Bending Downward at High Concentration by Algorithm 5.

C - (20, 50,100),

A = (40, 50, 170),

then

K - (59.2, -1.5, 0.03),

giving the curve in Figure 3.6. With A and C as defined earlier, the coefficients K are

given by

K AICo .*0 12.
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Figure 3.6 The Curve Bending Upward at Lowcr Concentration by Algorithm 5.
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IV. ALGORITHM COMPARISON

A. GENERAL
We have mentioned how algorithms are used to fit the curve and each algorithm

has defects for specific A values. Recall that the field test program included the

concentrations: 10% 200 ,440,500%4 70%/ and 100%/1 of full scale for each element.

Calibrating the tube consisted of two analyses each using the 20%,1, 50% and 1000o

samples; these samples were used to fix the absorbance - concentration curve for all

analyses performed until the next calibration. During the planned sequence of bums,

each of the 10%, 40%, and 70% verification samples were analyzed twice, once just

after the calibration curve was established and then a second time about 30 analyses

later. Ideally, the established calibration curve should give 10%, 40%. and 70%,1 of full

scale respectively for these samples; the different possible algorithms can be compared

by using these 10%, 40% and 70% samples, in terms of how close the resulting

calibration curve result is to the known concentration, for the various tubes used.

Specifically, each algorithm can be used to establish a calibration curve using the

observed absorbance numbers for the 20%. 50% and 100% samples. Since these curves

are not, in general, exactly the same for all algorithms, the difference between the

returned concentration for a 10% sample, elo say, can be compared with the expected

result c10. We -will introduce the sum of squares method to compare the algorithms.

Thus, for a given algorithm, we will have two e10, two e~o, and two e., values from

which we will compute the sum of the 6 squared differences. The algorithm which has

the smallest mean sum of squares will be selected as the rank 1, with ranks 2, 3, ... , 5

assigned the larger mean sum of squares. The number of rank I and rank 2 for each

element throughout all tubes will be considered as the comparing tool for that rank.

The algorithm which produces the most rank I and rank 2 scores will be designated the

best one.

B. SUM OF SQUARES METHOD.
We will explain the sum of squares method by an example. For tube 401, for

element Fe, the fitted curve is shown in Figure 4.1 where the coefficients are computed

by algorithm 2.

The residuals E are defined by
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Figure 4.1 The Horizontal Deviation of Residual by Algorithm 2.

E- C-C'

where C is a known concentration and C' is the estimated concentration produced by

the algorithm.

For tube 401, for Fe, the absorbance data of the verification sample A are,

A " ( 28, 105, 129)

and the known concentrations are,

C - ( 20, 50, 100 )

Then we find K by algorithm 2,

K - ( -0.3211, 0.00602, 0.00159)

We can compute the estimated concentration C' from equation 3.4 with (28, 105, 129)

in place of A. That is

C' , (9.315, 44.004, 67.040).
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Suppose E - (I 2l, e3 ). The residual E is

E - C - C' (0.685, - 4.004, 2.96)

and the sum of squares SS is defined as the sum of the squares of these residuals,

i. e.,

3
SS - e 2 - 0.6852 + 4.0042 + 2.962 - 25.263. (4.1)

i-I

Then the mean sum of squares MSS is defined as,

SS
MSS - , (4.2)3

giving

MSS - 25.263 / 3 - 8.42.

Residuals at each point are shown in Figure 4.1 where the residual is indicated by

the horizontal line between symbol 'x' and to. Estimated concentration C' is

indicated by the symbol ' x' and concentration is indicated by the symbol I o I

When we are using algorithm 4 with the same data, then

K - ( 79.237, - 1.775, 0.013 )

This curve is shown in Figure 4.2. Horizontal deviation is the distance between symbol
x ' and I o I, which is shown as a horizontal line. The estimated concentrations are

C" - ( 39.75, 36.57, 67.184 ).

As we see, the estimated concentration at absorbance 28 is larger than at absorbance

105, because the curve is bent downward at the lower concentration with this

algorithm. Therefore, the residuals are larger. Also, algorithm 2 is considerably better

than algorithm 4 for this set of data.

Accordingly,
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Figure 4.2 The Horizontal Deviation of Residual by Algorithm 4.

E - (-29.75, 3.43, 2.816),

SS - (-29.75) 2 + 3.432 + 2.8162 - 735.257,

and

MSS - 735.257.'3 - 245.086.

For these data with these two algorithms,

MSS by algorithm 2 - 8.42,

MSS by algorithm 4 - 245.086,

and algorithm 2 is better than algorithm 4.

Estimated concentrations C' by 6 algorithms for Fe are summarized in Table 4.

Known concentrations C, shown in the first column, were used 4 times 10%, 40% and

70% of full scale. After the calibration curve was established, each of the 10%, 40%,

and 70% verification sample was analyzed twice. For tube 401 this calibration was
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done twice, so that 12 verification data are gathered in Table 4. Notice the differences

between the estimated concentrations in column 2 and 3 in Table 4. The estimated

concentrations by PWMA and by algorithm I are very close. Since algorithm PWMA
and algorithm I are exactly the same as noted earlier; the PWMA concentration values
are those printed out by the microprocessor, while the algorithm values are computed
from the curve established from the rounded absorbance values. Since algorithms 2
through 5 must be employed with the rounded absorbance values, rather than the
single precision values available to the microprocessor the rank comparisons will be
restricted to only algorithms I through 5. The mean square residuals will be computed

for the PWMA, but they will not be used in comparison with the others; cases in which
the PWMA actually gives the smallest mean square will be denoted by an asterisk(*).
We might expect that algorithm PWMA and algorithm I should perform very

similarly. In the last column, .00 means we can not obtain acceptable estimated
concentrations with this algorithm. If K22 - 4 K3 ( K1- A ) was negative, the estimated

concentration was forced to be .00 for all verification samples with this calibration.
The estimated concentration in the first three rows of algorithm 2 and 4 are the same
as our previous example.

From the data in Table 4, we calculate the sum of squares and the mean sum of
squares, which are displayed in Table 5. It says that the sum of squares by PWMA is
100, and the mean sum of squares is 8.33, so the rank of the mean sum of squares is
labeled with * as it is the smallest. If we don't count the PWMA in comparison,

algorithm 3 is the best. It has the smallest mean sum of squares, 9.09; thus algorithm
3 suggested by Limbeck is the best for the tube PPM401 for element Fe. The number

of acceptable data points for each algorithm is given in the row labeled N; if the test
plan was followed exactly, and the algorithm performed satisfactorily for the
calibration samples, N would equal 12 for each case. If the algorithm performed totally
unsatisfactorily, its N value is 0 and its mean sum of squares was set equal to 888 (see

algorithm 5 in Table 5).

The sum of squares, the mean sum of squares, and the rank of the algorithm for
tube 401 for 9 elements are summarized in Table 6. The equivalent data for the other

tubes are attached in Appendix D.

Table 6 shows the best algorithm for each element. Algorithm 3 is the best
algorithm for element Fe. Algorithm 1 has the smallest mean sum of squares for Ag,
and so on. As can be seen, the best algorithm differs according to the element. For
tube 401, no single algorithm is the best for all the elements.
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TABLE 4

ESTIMATED CONCENTRATION BY 6 ALGORITHMS

Standard Algorithm
PWMA 1 2 3 4 5

10.00 9.00 8.87 9.31 13.44 39.75 .00

40.00 44.00 44.79 44.00 45.66 36.57 .00

70.00 70.00 70.23 67.04 67.96 67.18 .00

10.00 13.00 13.21 13.57 17.64 29.09 .00

40.00 42.00 42.32 41.36 43.08 32.93 .00

70.00 70.00 70.23 67.04 67.96 67.18 .00

10.00 8.00 8.00 8.34 17.04 53.22 .00

40.00 43.00 43.05 42.64 60.82 36.86 .00

70.00 74.00 75.32 74.43 88.77 83.90 .00

10.00 6.00 6.07 6.39 13.58 66.29 .00

40.00 36.00 35.69 35.19 52.89 26.16 .00

70.00 73.00 73.52 72.64 87.41 81.58 .00

TABLE 5

ALGORITHM COMPARISON FOR FE

Algorithm

PWMA 1 2 3 4 5

SS(re) 100.00 128.08 121.12 109.09 3119.08 .00

N 12.00 12.00 12.00 12.00 12.00 .00

MSS 8.33 10.67 10.09 9.09 259.92 888.00
RANK* 3 2 1 4 5

In Chapter II we mentioned that Langley used 6 tubes, Myrtle Beach used 5
tubes, Pensacola used I1 tubes, and Elmendorf used 6 tubes. Due to missing data, we

excluded several tubes in our analyses. For example, tube PPM406 doesn't have

verification sample 70 data. For similar reasons we discard I tube from Langley, I
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TABLE 6

SUMMARY OF THE RANKS FOR TUBE 401

Algorithm

PWMA 1 2 3 4 5

SS(Fe) 100.00 128.03 121.08 109.09 3119.08 .00
n 12.00 12.00 12.00 12.00 12.00 .00

MSS 8.33 10.67 10.09 9.09 259.92 888.00
RANK* 3 2 1 4 5

SS(Ag) 2.00 .85 1.70 1.48 12.34 .67
n 12.00 12.00 12.00 12.00 12.00 6.00

MSS .17 .07 .14 .12 1.03 .11
RANK 1 4 3 5 2

SS(Al) 268.00 317.88 300.21 297.57 429.29 .00
n 12.00 12.00 12.00 12.00 12.00 .00

MSS 22.33 26.49 25.02 24.80 35.77 888.00
RANK* 3 2 1 4 5
SS(Cr) 16.00 17.29 17.16 17.10 39.32 .00
n 12.00 12.00 12.00 12.00 12.00 .00

MSS 1.33 1.44 1.43 1.42 3.28 888.00
RANK* 3 2 1 4 5

SS(Cu) 106.00 102.05 100.06 99.74 100.09 107.97
n 12.00 12.00 12.00 12.00 12.00 12.00

MSS 8.83 8.50 8.34 8.31 8.34 9.00
RANK 4 2 1 3 5
SS(Mg) 91. 00 17 .SO 156.21 148.12 179.10 .00
n 12.00 12.00 12.00 12.00 12.00 .00

MSS 7.58 14. 21 13.02 12.34 14.92 888.00
RANK* 3 2 1 4 5
Ss(Ni) 38.00 34.87 26.02 31.70 192.41 .00
n 12.00 12.00 12.00 12.00 12.00 .00

MSS 3.17 2.91 2.17 2.64 16.03 888.00
RANK 3 1 2 4 5
SS(Si) 162.00 149.09 141.29 166.29 171.89 103.04

n12.00 12.00 12.00 12.00 12.00 6.00
1455 13.50 12.42 11.77 13.86 14. 32 17.17
RANK 2 1 3 4 5
SS(Ti) 135.00 142.77 364.12 141.42 134.41 141.47
n 12.00 12.00 12.00 12.00 12.00 12.00

MSS 11.25 11.90 30.34 11.79 11.20 11.79
RANK 4 5 2 1 3

tube from Myrtle Beach, 2 tubes from Pensacola, leaving 24 tubes in all. The summary
of 24 tubes for each element is shown in Table 7 through Table 15. We may say that

algorithms which have the most rank I or rank 2 scores but the least rank 4 or rank 5

33



TABLE 7

RANKS OF 24 TUBES FOR FE

Algo. ____ ___ __ rank ____ ________

*1 2 3 4 5

PWMA 10 ____ ________

1 7 1 11 5 0
2 __ _ 7 a 3 0 5

3 _____ 12 6 1 0

4 1___1_ 1 0 0 12 11

5 _ _ 4 3 3 6 8

TABLE 8
RANKS OF 24 TUBES FOR AG

Algo. _____ rank ____ ________

*1 2 3 4 5

PWMA 6 ____ ________ ________

1 __ _ 7 3 4 a 2

2 __ _ 7 8 5 2 2

3 _____ 0 7 11 6 0

4 _____ 1 3 1 5 13

5 1__ 9 3 3 3 6

scores are good ones, and algorithms which have the least rank I or rank 2 scores but

the most rank 4 or rank 5 scores are not good ones. The entries in these tables are the

counts of the ranks. For example, in Table 7 algorithm 1 for Fe has 7 rank I's, 1 rank

2, 11 rank 3's, 5 rank 4's, and 0 rank 5 out of 24. For Fe, the PWMA internal

algorithm, with rounded concentrations, had the smallest mean sum of squares 10 time

out of 24. In Table 7, we conclude that algorithm I is better than algorithms 2, 3, 4,

and 5. Algorithm 2 has 7 rank I's but also 5 rank 5's. Therefore, algorithm 2 is not as

good as algorithm 1. If algorithm 2 did not have those undesirable cases with
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TABLE 9

RANKS OF 24 TUBES FOR AL

* Alqo. _ _ _ _ __ _ __ rank _ _ _ _ _ _ _ _ _ _ _ _

*1 2 3 4 5

PWMA 12__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

1 __ _ 2 8 6 4 4

2 _____ 10 4 7 3 0

3 __ _ 6 8 9 1 0

4 _____ 3 1 1 10 9

5 _____ 3 3 1 6 11

TABLE 10
RANKS OF 24 TUBES FOR CR

Algo. _ _ _ _ __ _ __ rank _ _ _ _ _ _ _ __ _ _ _

*1 2 3 4 5

PWMA 9_____ ___ __

1 9 2 7 5 1

2 _____ 4 6 10 2 2

3 _____ 3 15 4 2 0

4 _____ 0 0 2 11 11

5 ____ 8 1 0 4 10

denominator zero, then it would be the best. Also algorithm 4 has I11 rank 5's because

it has a lot of deviations for two extreme cases as we saw in the previous Chapter.

Algorithm 5 is almost the same as algorithm 4. Algorithm 3, with 5 rank I's and 12

rank 2's, is acceptable but not as good as algorithm 1. We conclude that algorithm I

is the best for element Fe.

For element Ag, even though algorithm 5 has 9 rank I's, it also has 6 rank 5's.

Therefore, we can not select algorithm 5 as the best one. Algorithm 2, or I are

acceptable for element Ag.
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TABLE I1I

RANKS OF 24 TUBES FOR CU

Algo. _ _ _ _ __ _ __ rank _ _ _ __ _ _ _ _

*1 2 3 4 5

PWI4A 15is_ ___ _ _ ___ _ _ _

1 ______ 12 1 1 9 1

2 __ _ 4 8 5 6 1

3 __ _ 1 7 9 0 2

4 _____ 2 2 3 1 4 1 13

5 __ _ 5 6 1 5 7

TABLE 12

RANKS OF 24 TUBES FOR MG

Algo. _ _ _ _ __ _ __ rank _ _ _ _ _ _ _ _ _ _ _ _

*1 2 3 4 5

PWMA 12 _ _ _ _ _ _ _ __ _ _ _

1 _____ 12 5 6 0 1

2 _____ 4 7 11 2 0

3 __ _ 6 9 4 5 0

4 0 2 3 14 5

5 1 2 1 1 1 0 1 3 1 18

For Al, algorithm 2 dominates the other algorithms, since it has 10 rank 1's.

Algorithm 3 is the second algorithm. Algorithm 3 could be useable even though it has

fewer rank 1 scores.

For Cr, algorithm 4 is not acceptable, for it has 22 tubes rank 4's or 5's.

Algorithm I is the best for element Cr.

For Cu, Mg, and.Ni, algorithm I dominates the others. For Si, algorithm 2 or 3

are the best. For Ti, algorithm 2 is good. Algorithm I and 4 are acceptable too.
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TABLE 13

RANKS OF 24 TUBES FOR NI

Alga. _ _ _ _ __ _ __ rank_ _ _ __ _ _ _ _

*1 2 3 4 5

PWMA 7 _ _ _ _ _ _ _ _ _ _ _ _

1 13 2 8 1 0
2 _____ 4 2 2 511

3 _____ 4 18 2 0 0

4 _____ 1 1 3 16 3

5 2 1 9 2 10

TABLE 14
RANKS OF 24 TUBES FOR SI

Algo. _ _ _ _ __ _ __ rank_ _ _ __ _ _ _ _

*1 2 3 4 5

PWMA 11 ____

1 1 __ 3 7 8 3 2

2 a_ _ 7 2 3 4

3 7 2 3 11 1
4 1 7 9 4 3
5 _____ 4 1 2 3 13

Table 16 summarizes the results of the previous tables by listing the best and

alternate algorithm for each element. We can say that algorithm I provides the best fit

for elements Fe, Cr, Cu, Mg, and Ni, and algorithm 2 provides the best fit for elements

Ag, Al, Si, and Ti.
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TABLE 15
RANKS OF 24 TUBES FOR TI

Algo. _ _ _ _ __ _ __ rank _ _ _ _ _ _ _ _ _ _ _ _

*12 3 4 5

PWMA11 _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

1 1 __ 5 9 3 5 2

2 __ _7 3 2 8 4

3 __ _4 1 6 7 6

4 _____ 5 5 11 2 1

5_____ 3 5 3 2 11

TABLE 16
THE BEST ALGORITHM FOR EACH ELEMENT

Element

Fe Ag Al Cr Cu Mg Ni Si Ti

First 1 2 2 1 1 1 1 2 2

Second 3 1 3 3 2 3 3 3 1,4
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V. CONCLUSIONS AND RECOMMENDATIONS

There is no single best algorithm for all nine elements, since the degree of
curvature is different according to the element. The PWMA didn't consider different

algorithms for different elements. The computation in the PWMA used only by one
algorithm for all nine elements. If we employ different algorithms for different
elements in an analyzer, it will be better because each element has different
characterisics. We recommend that one may use algorithm 1 for elements Fe, Cr, Cu,

Mg, and Ni and algorithm 2 for elements Ag, Al, Si, and Ti to obtain better estimation
in computing concentration. The microprocessor can easily check for the existence of

an asymptote. If one occurs, use algorithm 1.
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APPENDIX A
PWMA FIELD TEST BURN SEQUENCE

1. Tube. Condition
Z. Auto Zero - Operate in AZ md. If tto AZ failed, repet the AZ and

number the run as SA. If the AZ failed twice in a raw,
replace the tube.

3. CAL Is - Operate, In CAL I mode.
4. CAL lb -Operate in CAL Imods.
5. CAL Its- Operatein CAL It ods.
6. CAL Ib - Operate in CAL 11mods.
7. CAL Ills - Operate in CAL III mode.
8. CAL Illb - Operate in CAL III mod.If the calibration failed,

repeat the calibration and number the calibration rum~ as
3A, 9. . . . P " accordingly.

9. Blank - Run a bumn with no ample; operate in Analysis moda. From
nowe an# all the samples, will be runs in Analysis mode0 except
Relope.

10. Verification Sample a 1: l07
11. Verification Sample * 2: 407
1t. Verification Sample 6 32 70X
13 Blank
14-l8.Correation ample * 1 - Repeat the sme ample five times, this

procedure applies for all the oorreation sample.
19-23.Correation sampleR0 2
24-28. Correlation ample # 3
29. Blank
30-37.Rand, samples - These my be reel engine oil ample. If there e

not enouo reel engino oil samples, repat one sample
as many times as neicessary. ( 8 amples total

38. lOZ sample
39. 40X ample
40 707 samle

Day 2

41. Sl1"'
42. Reslope A - Operate In RSLP mode. If the reslope A failed, disegard

and continua the sequence.
43. Reslope 5 - Operate in RSLP mode. If the reslope B failed, disregrd

and continue the sequence.
44. lOX sample
45. 40X sample
44. 70Y sample
47-51. Correlation ample S84
52-56. Correlation sample *85
57. Blankc
5863. Random samples ( 6 samles total
64. CAL I chc ample -Operate in Anelysis mode.
65. CAL 11 checA sample -Operate in Anlysis mode.
44. CAL Ill dhc ample -Operate in Analysismoe
47. SIM*~
48-77. Rano smples 1 10 samples total
78. lO? amle
79. 40X sample
80. 707 sample

Day 3

81. Blank~
62. CAL Ia.
83. CAL lb.
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04. CAL Ila.
W. CAL RIb.
46. CAL III*.
$7. CAL 111b.
8. Blark
89. lox ample
90. OX ample
91. 7OX mple
9t-%.Corrwation aple 0 6
97-1O1.Correlation ample 0 7
102. Biank
lO3-117.Rwanm mies 15 samples total
18. lox sampl
119. 40 X ample
120. 70X *awle

Day 4

121. BlaeM
122. Reslpe A
123. Realope B
124. lox ample
12S. 40 amle
126. 70X ample
l27-131.Correlation ample S
132-136.Correlation samle 9 9
137. Blwdk
138-157.Randm samples 1 20 .ampe total )
18. CAL I clc ample
159. CAL 1 dhek sample
160. CAL II chdk ample
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APPENDIX B
DATA PPM401

There are several data, we list just one of them for references.

PMRS 401
CAL IA P 3 18 53 10 38 23 44 40 10 10CALIS P 4 56 S 10 34 22 46 38 a 9CAL ZA P 5 133 96 19 83 47 60 92  2 8 30CALl 1 P 6 111 100 21 84 43 61 96 18 29CAL ZIIA P 7 143 129 26 104 70 72 119 33 42CAL lZEl P 8 145 131 24 104 71 74 120 35 44

EIF 10 P 10 9 1 2 1 4 3 3 2 5WREF 10 AmB ANCIaS 28 28 5 17 12 32 19 4 11VERIF 40 P 11 44 4 10 4 18 9 12 9 7VIWEF 40 A93OANCES 105 90 17 70 42 56 79 20 20VWEF 70 P 1 70 7 .9 6 28 17 go 12 10
VEI1[F 70 ABSONMBHMS 129 114 16 88 56 66 105 26 29VEEOI[ 10 P 38 13 1 6 1 8 2 4 9 8VEIF 10 MSOAJNCES 40 28 15 25 22 30 25 21 21VIRIF 40 P 39 42 4 7 5 16 8 1215 s 7VEEIF 40 AN8OABANCES 101 64 14 77 39 54 76 30 16
VEEIF 70 P 40 70 7 11 7 26 19 t 112 12VEPZF 70 AISOISAdCES 129 115 18 94 54 68 107 26 34
P524 401
ESrLOPE I P 42 117 101 12 72 51 5S 80 37 19
WSLOPE a P 43 114 96 13 69 51 54 80 34 17VIW]F 10 P 44 12 1 1 1 4 2 3 4 3VEIF 10 ASSORBMNCES 36 9 3 17 13 28 19 10 7VERPF 40 S'LINT P 45 46 4 a 4 20 8 11 25 8
VEREF 40 ASSOISANCES 107 91 15 74 4S S3 70 42 21VEIF 70 SLDUMT P 46 74 9 10 7 31 14 17 39 10
VE91F 70 ABSOMCES 131 124 16 95 61 63 99 67 30CAL I P 64 23 2 3 2 8 4 5 a 4CALI ASROANCES 65 52 7 38 23 42 34 17 10
CAL II P 65 so S 9 6 20 14 14 14 9CAL 11 ASSOBANCES 113 96 16 88 44 61 89 28 2S
CAL III CRNESI.P 6 103 10 28 11 35 25 31 30 23CAL III ABSORSANCES 149 130 28 110 6S 74 124 50 50VEIF 10 SI>LZNT?P 76 9 1 2 1 4 2 2 0 3
Vl.F 10 ABSOSBANCES 28 24 S 21 12 30 15 117 6VERIF 40 P 79 41 4 11 5 15 11 12 17 8VlltF 40 ABSORUNCES 99 80 18 79 37 59 76 31 23VERIF 70 S>LET P 80 73 7 22 7 Z5 23 21 23 13VEEPF 70 ABSO EANCUS 131 114 24 95 53 72 107 19 34
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I, APPENDIX C
PROGRAMMING LIST

I A 8116PGRMTFIBILS2PITRATIONAL EQUATION CHECK OUT2 AVERFIATIO RADTIG AND THs VALUS AFTER THE RESLOPE A EL
33 H* lO.10.25 0.10.4 0.25 0.3 0.2 0.2
4 E+20+5xi.9x1.1l
53 T71 8 3*61 p0
76% R 0 q 6 16p0
a 9F RTUBE 01I'
93 'MODEL Al (K1+K A) I
III O+.(L 2 20 OHI) 12] o*0 ij,0.11(A[2 33+ 50 100*HCI] A[21 Po.*0 1
12 A DRGIAL C9EFCIENrTS FOR THE TWO CURVES.
13 Di*;PPM4O0 C17+t1ELI] +i5
14 O*Dt2xl63*r( ,(D[2xl6Jl o.*01)+.x?4K)EI 36 7 9123
15 U1I-83 v 6 1 0,
16 4-60w L& D1+2x163
17 ;J 1 761
is18* 0 b'6 1.PD[ 1+2xiL6J ,,Ul
19 TI.+T1, 13u1
20 R 3 0 f6 1 010 40 70 xH (9[13.5W-43
21 R1.Rl [IR
22 'FOR Jr~N:'1 (EL I 1 '( PRIOR TO R9SLOPE'I
23 O.30fA*6 1o 1040 [X+)-3,
24 C+, &Q PPM401C2O+t 2:E[IJ +t § )2
25 C*50XHlI~~ ) '+K+.xC* 01)
26 A GIVES MgLI LICATXVEf CORRECTION FACTORS FOR THE TWO LINES
27 D4-* PPM4O1 1: 22 t+) 34+i6 E1i 5
28 O*Ct6o 112JxD[2x6L4(, (Dt2 xl6J.* 01)+.XOIK)C 3 67 9123
29 'AFTER THE RESrLPE
30 U4-(6 0 061 fD1: 1+2xt61 1 8 3596 1PO
31 D~e PPM40 '1( 8+iL6):ELI+~
32 0 tC1I2 2)xpE XI23 y[~D2xI2330.*0I)+.xlK136
33 U+( 0+)L9((O4lpE35)W1O~1 30+
34 O++(30;00 500100104070H(4I3 -~)U35 ((I+))/OOP
36 1+1
37 LOOT :A4+l/32 akPPM4 0 J.f'1+i -t J~ 564
38 K+j(A0 2225xH[13 )E1 2)o.0 1) 13(A[2 33)+50 100

*HLIjA 12 3o0. * 0 1
39 D P PM4OI[147+i12;KCjr+i5J
40 O+Dt2xt63*( .(DE2xt6] *.*O1)+.xllK)[I367g12]
41 U.+ 8 3 v61 pO..
42 r 6 0 66 1 &DE+2xl6J
44 4 (21 0 W6 1ioDV+x )U
45 T1+T13 IUI
46 R-3 0If6 1 p10 4070 xH[(8[13+5)-43
47 R1I1R
48 'FOR LVMENT:' I(EL [I - 3 PRIOR TO RSSLOPE'
49 O.U*(30ip6ltpiO 4076 xHtLEEI),5)-4) ),U
501p *( (I+I+ )f.9 ) ILOOT

V COEFR
lI A 81/6PORMT FTBL' ON RATIONAL EQUATION CHECK OUT
1:2 ~VEIFCATION READIG AND TH VALUES AFTER THE RESLOPE AS WELL.

L3 H+ 10.1 0.25 0.10.4 0.25 0.3 0.2 0.2
4LP4E-20+5xtgxl+1
L5 T2 8 3 v6 1 p
16] 'FOR TUBE 401'
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0P:A*+/ 3. PjMeN4O1EI+t6jE r+53)2
a (A. .42 t2.9010x EI3)..*101

0 G C Rr FCIENT FOR THE TWO CURVES.

18 x 2x11 6 )+3 ;xDE2xl63xDE2xl63)((Kt2:)xDE2xi6J)-1)

15 T24.T 11
16 'FR MT:' s(ELEIAJ "IR'OR TO RISLOPE'I
17 4- 1 4 61~7 10407 x #5)- 43 U(

Is *+ a02+t2#E *t
19 C+5OxH fI K 1 xCx # 9K[2 :JxC)-1 1
20 A GIVEN LT ATV COR RS FOR TTO LINES
21 D** PfH4O 22+t6?j34+6 r t
22 O*C 6 13x 13)xD xx161+k xD C fx-i6xDE2xt63)*K[2:JxD[2
S23)1A TRSZom1

2l42 Ph 83 OF61 PO
25 D~e PPM440 28+16N
1263 O*C 4pj)x1k1 6+ 3;3xDE2 44 6JxD[2 446) .(KE
27 * /&t2 000 )-)?,R
28 g**30+U)1,E1217 1 -1DE35),341 Il?-T29 1 i3 10 40 70 2050 50 100 10 40o70 XRE f 43

30 -.((rr~i:sg~ oo
31 r+1
32 LOT*A4-4/ 3-2 (1k,pPM4014+x6:ELI1+03)4 233 134. x IN , .1 9A2p4D5OO xI0 e. 1j

35 A O~oNL C~F)'ICIENT FOR IHE TWO CURVES.
36 D 01L47+i 12:EEI

37 0' KR 113!D(2x16])+JC g) E2xi63xDt2xi63))((K[2:)xDE2xx63))
38 U2* 3 *61p0
39 Ue(71 *61,PDE 1+2xt6]),U2
140 r2+72 [1 U2
41 'FOR LEMENT:' CEX3 I )' RIORTOS? PE

43-P r-AM Lr
44 *0
145 ERR:.CI.4p0

147 O-U*4 14 10 1 0 10 40 702050 50100 10 4070 XHE (EEIJ5)43 )U

V COEF3
1 A 9/06/86PROGRAM TOFITBILL'1 2 POINTRATIONAL EQUATION CHECK OUT
2 A VkRI ICA TOREADINGS AD TH VALUES AFTER THE HESLOPE As WELL.

3 AMODELC=A+ C1+C2xA+C xAxA
14 MODEL C=Af (C+C2xA+C3xAXA)1

5 H* 10.10.25 0.10.140.25 0.3 0.2 0.2
6 T3 8 3 w6 1_O
7 E.-20+5xtg xI*l
8 ' FOR TUBE 401'
9 L OP:A++/32p(fPPM2O1 L+,t6;EEI)+,L5J))2
10 'A 0 +K*(A 20 50 100 xH[ I)4.* 0 1211 A ORI1GINAL C EFIrET FO TE W CRVS
12 Dia FF440 7+b 2:EEIj +t5)
13 t iD t 2 iBJ,(D 2Xi6a.* 01 2)+.XOK)
15 U+(6 0 v6 1PD8 1+2xi6)),U3
16 T3-iT3 El] f3
17 'FOR LEVENT:' (ELEXI.)) , RIORTORISLOPE'
18 04U 3 0 v6 101p4 76 xR(JM )- )U19C+,g PM4Q E 20+j -,EE . +%5
20 C+-50 + C) xC* 01 2
21 A GIV 7LILCTVC RRECTION FACTORS FOR THE TWO LINES
22 D4-a PM40 2 2+6h 4+6 I+i5)23 O*Ct6 13XD~I6]((Ex6 o.* 0 12)+.XVIK)
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234 'AFTER THE RES OPE'I
25 g( 0 v6 1 oE 1+2x16j] ~8 3 6 1 PO

PP4Ol 4 lB §XEl1223) .. * 012)+.xf4K)
28 - M 335)), 8309 14 +OU] 0U
29 .U.(3 0 10 1 j 10 4070205'050 100 104070xH(E±]4] )4 U
30 *((I*I+1)!sg)/LOOP
31 11
32 v~oT: A.4.3 2 (PPM2OIlj4+t6:9[I3+-L53)+2

U.K+(*C 20 0 00 xHLI )E0.* 012
34 A ORIGAIAC EFCNS FO HE Two CURVES.
35 D** PP 401 [7;112;9 13+15J36 4-Dt2x16l6J ( (L2xi6 @.* 0 12)+.xf4K)
37 U3-+ 8 3 661 p0
38 U+(6 0 i6 1pDE 1+2xi6J ),U3
39 T34-T3 EJUj3
40 'FORi J"EMNT:' (ELEI:]) PRIOR TO RESLOPE'

1 A 09CO8F PROGRAM TO FIT BILL' IS 2 POINT RATIONAL EQAIN. CHECKOUT
2 ViRI ICATION READINGS AND THE VALUES AFTER THE RSLOP ASWEL.

3 A MODEL C = C1 +C2 xA +C3 xA xA
4 1'MODEL C = CI +C2xA +C3 xAxA'
5 H. 1 0.,10 .2 50. 10. 40.2 50. 30. 20. 2
6 E,20+5x19xr.1
7 T4* 83 q6 1 p0
8 ' FOR.TUBE 401'
91 L OP:A.+/ 32p(a ~PPM5o tci+t6gEE)+i53)2
10 O.K. -C 20 50 106 xHfIJS.* 0 12
11 A ORIIN*AL CDFFICIFNTl F OR HE TWO CURVES.
12 D1k PPM401+12: E] k153

15 TI4 tl)3U40
16 U+(6 0 w6 1pDV+2XI6 1).U RODSOE
17 ' FR LEMENT:I (ELE] [I IR R 08 LP
18 O.U*30m61pi10407AH xHf(~rtI45)-4J ,U
1 C+/ fil EPM40IL20+x2;E[I'I+x53 +*2

20 C4-(5 0x TI1J*(j(R. xC* 0 12
21 A GIVES MUL I? ICAT VE COR6RECTION FACTORS FOR THE TWO LINES
22 D~ePP 40IL&0(22+t6) ,34+t6:EL13+t53
23 O.-Cx( D[2xt6) o.*'0l2)+.xff)
24 ' AFT~tjHE RESTLOPE 1
25 U.(6 0 *61 oDE 14.2xi63). 8 35461 PO
26 D**,PP 4O1L( 28+16_J;ELI[ 3
27 0* I~f & 3Ii.* 012+3+.,EiK 0+
2 8 U.qt 1 - x1 60 41p (3L xK5,),8,,4,pO~iO

29O. j(051012 10 4070 20 5050 100 10 40 7xE)-43),30 *(I14-X )/LOOP
31 1*1
32 Le7T:.*+/03522 ~,P5141+i6;EEI)+i53)2
33 O..C 05 0 ~1 Ao.* 0 12
34 A ORIGINALCOOEFFICINS OR THE Two CUR VES.
35 D4-a PPM4OI .47+t12: 11)415)
36 0., tD 2x 16 .* 012 )+.xK
37 U44.83w*6 1 PO
38 T4.T4, [I]U4-
39 U+(6 0 v61 DE 1+2xx3 1))4 RT SOE
40 'FOR VLEMEJT: (EL EI RIRTOjSL

41~.1 O..3 6L 40 76 xH't(k'EI)5)-4) ),U
42 .((I.I+l ):99 ILOOT

v COEF5

II1 Ag98 PROGRAM TO IT BILL'IS 2 POINT RATIONAL EQUATION CHECK OUT
2 A VERIFICATION READINGS AND THE VALUES AFTER THE RESLOPE AS WELL.

3AMODEL A =B1+B2xC+B3xCxC
L4 'MODEL A =B1+B2xC+B3 xCxC'
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hO I'10l.250.l0.'40.250.30.20.2

61!416 U4 '401
2*PPM4O 1+t61ffIZ3t53 )*2

10C l otsi)* *012
11 L? FO 1~N TW CURVES.12 D+ 01 7*1 2 1+? Z

13 1 r( RX
i 5* 31 0~
16 TS.T5. 1+2x 6 , 83*61

tr18 'F-R LEN T:'E~ R, 0H~ RISLOPE'
1g O.J* 30*61 40 70'40 (If +5)-'43 u,
20 C P+'401t *'0+ 2 EZ t 4

22 A GXVE$ MULYXLICATIVE CO RE!ON FACTORS FOR TM TWO LINS
23 D A PffM'401 22+tG ),34+t6;EL +15
25 DO DD.( M2J*)'xE3xK -D[2xIIJ)
26 40) O Ir2*)4x[3QK
27 ZZ-* x -M )+ D*0.5)*2xKt3J

30 U(6 0 16 1If D1+ X-L6j1) B 3 06 1PO31 D1k PPN401E( 8+,l6)3EE+153
32 114.1
33 KK+ 2 4 46
311 DOI:DD.( 2)v2) -4xKE3)x(Xt1)-DEKLI3))
35 * (DD<0 'IAwfo8 1
36 OW3I-tx zKIJ)9 D*0.5)#2xKE3J

LI..2 Itk12*2 -4XEE31JfID24
39 4 ?13.. )( 3 04DE1t46'05,x3

38U 0pD~l 3 , 5 h 3041 1?+U)
'40~I.U.(0 11 1040702 550 100 147 xH(I*5-43)U

'42 Z1-1
'43 LO *+/ 32p(Ik PPN'401 41+%6j EZt+53)*2

44 er* A)1205100 xt * *012

46 -K ?Ei2 +XK-3i 4 OOX diO/THERl
47 A fi. LCONFF 3rF~k N hiyw S.

490. ?!3t iK 4.3(E 4x E3x(KI /xt6J) )0.5)*2xKE[3)
50 954- 3w6 1L 051 fT5*T5, [13 - 2i )8w
52 U+(6 0 6 1 DVI2x3 9 3 660
53 'FR0EET EEI;1'PIH~ RESLOFE'
54 O.114(3 0 q6 10 40 76 xHW(kOJ )-4J U
55 *P((I4.I+1 )r6) LOOT

57 OTFHR:U5 8 3 q6 Ip0
58 U+(6 0 v6 1oD 1+2XI6 ), 8 3 61 PO
59 T54+T5 l 1U5

60~~~~~ 'FR'EfET'(L IJ)),9RIORfO RISLOPE'I

62 '**(I .S9) LOOTr
63 ERRORI:O EII)+8888
64 *Li
65 ERRORQ:OtII].8688
66 *LQ
67 AERROR1:OEIIJ4.8888
68 wo.L1
69 AERRORQ:OEIIJ4.8888
70 A L'71 OHR:J.I
72 U+.60v61pDE1l+2x-t63),83*61p0
73 US*83061p0
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743 T5*f5 C~1 U5
75 FR j8HN:'~ L1J~t JPROTRSLOPE
76 Q+u* 3 0 5861 P 4 XHL0k*l,5)4) .
77 D~aftPN4O (2 2+x6 .34+L(Jj +,3 s
78 A FI'fER THE RES,4OPE'J+5
79 V*(60 v 61 oC 1+2xt6) 36 p
80 Dj £PPM14O!121 + ii EE.TI6i5

82 LJCI*13 10 12 10 40 7020 5050 10 147 xH E'*)4)
83 *((I*++ S9)/LOOP
84 X+1
1851 *pLooT

1 AA*"81TIT2T3,T4,T5

3 E6xtx4-1
4 LOOP:S+.126pt AAtBEtIL16;],E13AAC(54+IX6)+t6;)
58.- 121 lp2, ,REILI) 6.J
BoR2g R, E2]

8 SSUN.7p0
9 V7p
10 11
11 NEST:KO+1
12 DO:SS*S IN;-KO3
13 R C RW"N 3
14 -* (S0/COUNT
16 N [:NNKOJ+NE3O+117 SSUMCK 2 .SUHKOJ +(ssL-RR)*2

20g ATIO: *(NN lK=OG
21 V JKSU;H+JJ
22 j*+1!9 RAI0
23 +IN*IN+1 51i INEST
24 GO: 1JK).888
25 ((JK.JK+1 ) 56)/RATM
26 * NI+1 )5120)NEST
27'----------m------------------------------------------
28 O+TT*ELT 'J1'1' 2Q251+SSUH
29 U+UU* ,SriZE ..,IL1a .1 NN
30 LJVV-RATIO 1102* 1+V-
31 u+'1N 1.10 0 *$$1+1+V
32 '------------------------------- -------- --- -----------------------------------
33 *( (1*1+1 )s9 )/LOOP
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APPENDIX D
SUMMARY OF RANK

OATAAL PPZO1

FE 175.00 190.49 65.59 119.33 972.5t -00
SIZE 6.00 6.00 4.00 6.00 6.00 .00
RATIO 29.17 31.75 10.93 19.89 142.09 815.00
RANK 3 1 2 4 5

AG 20.00 22.11 33.74 22.6 37.23 .00
SIZE 6.00 4.00 6.00 6.00 6.00 .00
RATIO 3.33 3.69 5.6t 3.81 6.20 866.00
RANK , 1 3 2 4 5

AL 36.00 49.29 47.87 47.76 47.8t 48.75
Sin 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 6.00 6.22 7. 96 7.96 7.97 8.1t
RANK 5 5 3 1 2 4

CR 10.00 10.04 9.44 9.58 21.59 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 1.67 1.67 1.58 1.60 3.60 886.00
RANK 3 1 2 4 5

cU i8.00 29.44 33.00 31.86 42.77 33.90
SIZE 6.00 6.00 6.00 6.00 6.00 4.00
RATIO 4.67 4.91 5.50 5.31 7.13 3.65
RANK 1 3 2 5 4

me 32.00 18.54 20.96 21.13 117.57 21.28
SIZE 6.00 4.00 6.00 6.00 6.00 6.00
RATIO 5.33 3.09 3.49 3.52 19.59 3.55
RANK 1 2 3 5 4

NI 19.00 25.6 370.94 14.67 89.70 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 3.17 4.27 41.83 z.44 14.95 888.00
RANK a 4 1 3 S

S1 283.00 .00 383.29 193.42 .00 .00
SIZE 6.00 .00 6.00 6.00 .00 .00
RATIO 47.17 866.00 63.88 32.2* 8 .00 688.00
RANK 3 2 1 4 s

TI 22.00 21.31 167.05 18.08 21.07 19.45
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 3.67 3.55 27.84 3.01 3.51 3.24
RANK 4 5 1 3 2

OATAAL PPH202
------------------------------------ mmm----- w --------------------- me

FE 87.00 90.6W 69.46 62.SO 387.26 47.50
SIZE 6.00 6.00 6.00 6.00 4.00 6.00
RATIO 14.50 15.14 11.58 10.42 64.S* 7.92
RANK 4 3 2 s 1

AG 5.00 4.67 3.31 4.60 35.16 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .83 .76 .5s .80 S.6 888.00
RANK 2 1 3 4 S

AL 11.00 14.13 16.47 16.22 20.0O 16.22
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SinE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 1.83 2.36 2.75 2.70 3.42 3.04
RAW~ 1 3 2 5 4

CR 2.00--- 1.33 -- 2.03 -- 1.76--- 4.37 --- 2.268
SIZE 6.00 6.00 6.00 6.00 6.00 6.00

*RATIO .33 .22 .34 .30 .73 .36
RANK 1 3 2 5 4

0.1 42.00 38.05 32.38 34.15 59.89 25.46
*sinE 6.00 6.00 6.00 6.00 6.00 6.00

RATIO 7.00 6.34 5.40 5.69 9.96 4.24
RAW 4 2 3 5 1

me 52.00 46.76 47.40 47.26 69.28 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 8.67 7.79 7.90 7.86 14.86 668.00
RAW 1 3 2 4 5

NI 7.00 4.04 6406.57 9.90 40.61 13.54
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 1.17 .67 1061.10 1.65 6.60 2.59
R"M 1 5 2 * 3

SI 304.00 302.19 293.80 289.35 296.75 296.05
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 50.67 50.37 48.97 485.23 49.46 49.67
RANK 5 2 1 3 4

TI 6.00 8.79 10.56 9.53 9.41 9.47
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 1.33 1.46 1.76 1.59 1.57 1.56
RANK 1 5 4 a 3

DATAAL PPH203

FE 230.00 240.99 96.31 179.67 396.23 123.56
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 38.33 40.17 16.05 29.95 66.02 20.60
RANK 4 1 3 5 2

AG 2.00 1.59 .53 1.14 17.67 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .33 .26 .09 .19 2.96 66.00
RANK 3 1 2 4 5

AL 52.00 45.26 44.56 46.30 56.6 41.04
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 6.67 7.54 7.43 7.72 9.61 6.64
RANK 3 2 4 5 1

CR - - - - -1.00 -- --- .i- - - - 48 - - - 25 - - -4.27 -- - - -29
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO .17 .09 .08 .04 .71 .05
RANK 4 3 1 5 2

cu 245.00 344.41 386.51 367.05 35.90 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 40.63 57.40 64.42 61.16 59.15 688.00
RANKU 1 4 3 2 5

me 9.00 5.04 7.16 7.31 29.65 12.93
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 1.50 .84 1.20 1.22 4.94 2.15
RANK 1 2 3 5 4

NI 9.00 9.17 120.76 17.14 22.59 19.61
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
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RATIO 1.0 1.53 20.13 Z.6 3.77 3.27
U 1 5 2 4 3

---------------------------------------------

SI 305.00 757.69 552.89 1667.66 753.62 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 50.83 126.28 92.15 251.28 125.63 86.00
RAW 3 1 4 2 5

TI 13.00 15.54 14.30 14.49 14.32 14.36
sin 6.00 6.00 6.00 6.00 6.00 6.00
RATIO t.17 .26 2.38 2.42 2.39 2.39

U 2 2 5 3 4

DATAAL PPlU06

Fe 725.00 623.52 739.26 807.14 979.47 79.93
sin. 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 60.42 6.63 61.61 67.26 81.62 66.56
PWU 4 1 3 5 2

AG 3.00 19.31 17.25 17.95 47.74 15.63
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .25 1.61 1.44 1.50 3.96 2.64
RAW 3 1 2 5 4

AL 317.00 111.67 265. 15 104.02 6031.69 .00
sZE 12.00 6.00 6.00 6.00 6.00 .00
RATIO 26.42 18.61 44.19 17.34 1005.28 86.00
RAN 2 3 1 5 4

CR 7.00 19.66 20.78 20.50 33.57 .00
SiZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO .58 1.66 1.73 1.71 2.80 886.00
RANK 1 3 2 4 5

cu 114.00 170.55 169.35 169.37 183.95 160.21
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 9.50 14.21 14.11 14.11 15.33 13.35
RANK U4 2 3 5 1

me 77.00 163.79 172.05 163.16 179.81 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 6.42 13.65 14.34 13.60 14.96 86.00
RAW U 2 3 1 4 5

NI 3.00 93.12 333.76 93.53 162.60 73.45
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .25 7.76 27.81 7.79 13.S5 12.24
RAN U 1 S 2 4 3

SI 748.00 6691.70 1407.42 345.57 1493.15 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 62.33 557.64 117.28 28.80 124.43 888.00
RAW 4 2 1 3 5

TI 27.00 87.04 78.46 102.10 69.66 52.04
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.25 7.25 6.54 6.S1 7.47 8.67
RANK 2 1 4 3 5

DATAAL PPt207

FE 2896.00 2914.9 19613.44 3395.53 1457.12 .00
SIZE 12.00 12.00 12.00 12.00 6.00 .00
RATIO 241.50 242.92 1634.45 282. % 242.85 68.00
RANK U2 5 3 1 4
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AG 14.00 15.71 .26 52.41 2.33 .27
SIZE 12.00 12.00 6.00 12.00 6.00 6.00
RATIO 1.17 12.89 .04 4.37 .22 .04
RANK 5 1 4 3 2

AL 320.00 .00 234.39 .00 .00 .00
SIZE 11.00 .00 12.00 .00 .00 .00
RATIO 29.09 666.00 19.53 8a6.00 a"6.00 66n.00
RANK 2 1 3 4 5

CR 11.00 60.80 32.68 52.55 26.17 .00
SIZE 12.00 12.00 12.00 12.00 6.00 .00
RATIO .92 S.07 2.74 4.38 4.69 666.00
RANK ~ 4 1 2 3 5

CU 29.00 290.09 135.19 943.60 20.49 23.40
SIZE 12.00 12.00 12.00 12.00 6.00 6.00
RATIO 2.42 24.17 11.27 78.65 3.41 3.90
RANK ~ 4 3 5 1 2

mo 69.00 395.16 97.60 794.64 107.73 .00
SIZE 12.00 12.00 6.00 12.00 6.00 .00
RATIO 7.42 32.93 16.27 66.22 17.95 66.00
RANK 3 1 4 2 5

NI 15.00 226.95 271.83 221.93 201.59 4.00
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 1.25 16.91 22.65 18.49 16.80 .67
RANK( 4 5 3 2 1

SI 443.00 382.24 703.65 526.94 405.50 .00
SIZE 12.00 6.00 12.00 6.00 6.00 .00
RATIO 36.92 63.71 58.65 66.16 67.56 868.00
RAW( 2 2 4 3 5

TI 67.00 230.65 67.63 356.10 171.67 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 5.58 19.22 5.65 29.84 14.32 666.00
RANK~ 3 1 4 2 5

DATAAL PPt4302

FE 179.00 295.18 284.07 279.17 1040.62 327.22
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 14.92 24.60 23.67 23.26 66.72 27.27
RAWK 3 2 1 5 4

AS 12.00 13.72 11.42 12.52 27.56 .24
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 1.00 1.14 .95 1.04 2.30 .04
RAW 4 2 3 5 1

AL 191.00 27.67 184.49 37.31 .00 .00
SIZE 10.00 6.00 6.00 6.00 .00 .00
RATIO 19.10 4.61 30.75 6.22 66.00 666.00
RAWE 1 3 2 4 5

CR 6.00 6.31 6.63 6.36 13.35 5.10
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO SO M5 ss5 .53 1.11 .43
RAW 2 4 3 5 1

CU 32.00 56.40 64.10 63.24 65.94 65.02
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 2.67 4.70 5.34 5.27 7.16 5.42
RAW w1 3 2 5 4

me 85.00 118.39 116.44 114.24 191.42 .00
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SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 7.08 9.87 9.67 9.32 13.95 666.00
RANK 2 3 1 4 5

NI 20.00 21.67 97.51 14.37 100.50 10.37
SIZE 12.00 12.00 6.00 12.00 12.00 6.00
RATIO 1.67 1.81 16.25 1.20 8.37 1.73
RANK 3 5 1 4 2

SI 65.00 97.68 92.17 93.20 92.57 67.42
sinE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 5.42 6.16 7."8 7.77 7.71 7.29
RANKU 5 2 4 3 1

TI 39.00 48.27 49.77 51.86 49.15 48.74
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 3.25 4.02 4.15 4.32 4.10 4.06
RANK U1 4 5 3 2

DATAAL PP11303

;E----- 106.-00-- 10797 -- 111.92 -- 112.21 -- 347.5-3-- 123.26
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 16.00 18.00 18.65 16.70 57.92 20.54
RANK 1 2 3 5 4

AS .00 .21 .36 .32 7.19 .84
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO .00 .03 .06 .05 1.20 .14
RAW U1 3 2 5 4

AL 6.00 11.92 14.39 11.16 23.00 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 1.00 1.99 2.40 1.86 3.83 68.00
RAWNK 2 3 1 4 5

CR 1.00 2.29 3.35 2.05 12.25 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .17 .38 .56 .47 2.04 86.00
RANKU 1 3 2 4 5

CU 40.00 39.34 44.48 53.20 43.62 42.99
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 6.67 6.56 7.41 8.87 7.27 7.17
RAWK 1 4 5 3 2

me 32.00 24.60 41.08 45.75 34.14 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO S.33 4.13 6.85 7.63 5.69 666.00
RANK 1 3 4 2 5

NI 6.00 6.50 .00 15.41 64.70 .00
SIZE 6.00 6.00 .00 6.00 6.00 .00
RATIO 1.00 1.08 666.00 2.57 10.78 666.00
RANKU 1 4 2 3 5

SI 53.00 64.60 505.64 66.91 60.38 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 8.83 10.80 64.27 11.15 10.06 666.00
RAWK N 2 4 3 1 5

TI 11.00 11.60 6.72 12.54 12.16 12.21
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 1.83 1.93 1.12 2.09 2.03 2.04
RANK 2 1 5 3 4

0ATAAL1 PPH304
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FE 64.00 2180.05 3250.60 7185.16 50624.67 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 10.67 363.34 541.77 1197.53 8437.45 888.00
RAW 1 2 4 5 3

AG 10.00 10.03 9.97 9.97 13.44 8.62
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 1.67 1.67 1.66 1.66 2.24 1.44
RAW( 4 2 3 5 1

AL 72.00 88.29 88.09 67.99 103.49 90.89
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 12.00 14.71 14.68 14.66 17.25 15.15
RAW 3 2 1 5 4

CR 4.00 3.97 3.07 3.32 13.68 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .67 .66 .51 .55 2.31 888.00
RAWK 3 1 2 4 5

Cu 23.00 25.91 24.46 24.46 24.99 26.71
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 3.83 4.32 4.08 4.08 4.16 4.4S
RAW~ 4 1 2 3 5

MG 76.00 82.36 .00 92.85 104.65 .00
SIZE 6.00 6.00 .00 6.00 6.00 .00
RATIO 13.00 13.73 88.00 15.48 17.44 888.00
RAMK 1 4 2 3 5

NI 3.00 2.32 22.76 5.26 197.67 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .50 .39 3.79 .88 32.95 888.00
RAW( 1 3 2 4 5

SI 17.00 16.86 22.34 12.79 16.26 16.24
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 2.83 2.81 3.72 2.13 2.71 2.71
RAWI 4 5 1 3 2

TI 24.00 26.32 27.28 27.70 27.08 26.45
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 4.00 4.39 4.S5 4.62 4.51 4.41
RAW~ 1 4 5 3 2

DATAAL PP?430S

FE 402.00 460.36 421.86 427.66 3416.65 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 67.00 76.73 70.31 71.28 569.44 888.00
RAW( 3 1 2 4 5

AG 2.00 3.41 3.68 3.63 6.13 4.19
SIZE 5.00 6.00 6.00 6.00 6.00 6.00
RATIO .40 S57 .61 .60 1.02 .70
RAW4 2 3 2 5 4

AL 35.00 44.39 21.72 71.60 .00 .00
SIZE 6.00 6.00 6.00 6.00 .00 .00
RATIO 5.83 7.40 3.62 11.93 888.00 888.00
RANKC 2 1 3 4 5

CR 2.00 1.87 2.05 1.91 3.59 2.19
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO .33 .31 .34 .32 .60 .36
RAW( 1 3 2 5 4
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cu 165.00 179.6 176.91 179.08 212.23 176.33

SIZE 6.00 6.00 6.00 6.00 6.00 6.00

RATIO 27.50 29.96 29.49 29.85 35.37 29.39

RANK i 4 a 3 5 1

mS 118.00 118.06 119.6 119.84 467.95 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 19.67 19.68 19.98 19.97 77.99 888.00
RANK 1 3 2 4 s

1I 35.00 32.50 27.8 21.81 81.19 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 5.83 5.42 4.64 3.64 13.53 886.00
RANK 3 2 1 4 5

SI 19.00 14.18 17.28 16.45 19.92 16.95
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 3.17 2.36 2.86 2.74 3.32 2.83
RANK 1 4 2 5 3
-o------------ai-----n--------------il--a--i----------i----------

TI 38.00 S1.08 1687.75 61.6S S1.53 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 6.33 8.51 281.29 10.28 8.59 886.00
RANK v 1 4 3 2 5

DATAAL PP4401

FE 100.00 128.03 121.08 109.09 3119.08 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 8.33 10.67 10.09 9.09 2S9.92 888.00
RAW 3 2 1 4 5

AG 2.00 .85 1.70 1.48 2.34 .67
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .17 .07 .14 .12 1.03 .11
RAW 1 4 3 S 2

AL 268.00 317.86 300.21 297.57 429.29 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 22.33 26.49 25.02 24.80 35.77 888.00
RAM 3 2 1 4 s
-l-i----li-i--------i---i-i-ili-----------i--i--i-li-ill-i---i-i-

CR 16.00 17.29 17.16 17.10 39.32 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 1.33 1.44 1.43 1.42 3.28 886.00
RANK i 3 2 1 4 5
---- i---------l----il-l-llll-i---------------i--i-ili-ii--i------

Cu 106.00 102.05 100.06 99.74 100.09 107.97
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 8.83 8.s0 8.34 8.31 8.34 9.00
RAW 4 2 1 3 s
il-ii--i--i--i-ili-i------------------eii-i--i--n--------i--ii-ii

mI 91.00 170.S0 156.21 148.12 179.10 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 7.56 14.21 13.02 12.34 14.92 888.00
RAW i 3 2 1 4 S

NI 38.00 34.87 26.02 31.70 192.41 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 3.17 2.91 2.17 2.64 16.03 888.00
RAM 3 1 2 4 5

SI 162.00 149.09 141.29 166.29 171.89 103.04
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 13.S0 2.42 11.77 13.86 14.32 17.17
RANK 2 1 3 4 5

TI 135.00 142.77 364.12 141.42 134.41 141.47
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sinE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 11.25 11.90 30.34 11.79 11.20 11.79
RAW( 4 5 2 1 3

OATAAL PPN4O44

FE 30.00 38.60 92.84 73.23 1614.32 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 5.00 6.4.3 15.47 12.21 269.05 666.00
RAWI i 1 3 2 4 5

AS 9.00 7.92 6.83 8.49 96.37 .00
SIZE 6.00 6.G., 6.00 6.00 6.00 .00
RATIO 1.50 1.32 1.14 1.42 16.39 666.00
RAW6 2 1 3 4 5

AL 231.00 427.14 240.35 327.70 966.05 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 38.50 71.19 40.06 54.62 161.01 666.00
RANK i 3 1 2 4 5

CR 1.00 .97 2.22 1.10 10.77 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .17 .16 .37 .18 1.80 666.00
RAW6 1 3 2 4 5

CU 113.00 116.47 125.29 127.72 238.24 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 16.83 19.41 20.66 21.29 39.71 666.00
RAWI i 1 2 3 4 5

HG 47.00 44.59 45.87 46.35 46.32 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 7.83 7.43 7.64 7.73 7.72 66.00
RAWI 1 2 4 3 5

NI 11.00 8.71 5.64 6.41 145.33 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 1.83 1.45 .97 1.07 24.22 666.00
RAWK 3 1 2 4 5

SI 36.00 53.14 42.51 69.66 820.92 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 6.00 8.86 7.08 11.64 136.82 666.00
RANK if2 1 3 4 S

TI 32.00 26.54 25.41 26.86 25.17 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 5.33 4.42 4.23 4.48 4.20 868.00
RAW( 3 2 4 1 5

DATAAL PPH~405

FE 239.00 223.84 175.23 193.22 4758.95 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 19.92 16.65 14.60 16.10 396.58 866.00
RAW~ 3 1 2 4 5

AG 24.00 19.51 18.66 19.07 23.69 14.31
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 2.00 1.63 1.56 1.59 1.97 1.19
RAW 4 2 3 5 1

AL 120.00 136.21 133.36 135.06 138.79 133.60
SIZE 12.00 12.00 12.00 12.00 12.00 12.00

RATIO 10.00 11.35 11.11 11.25 11.57 11.13
RW 4 1 3 5 2
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C 3.00 6.97 4.91 6.10 14.73 3.51
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .25 .58 .41 .51 1.23 .59
am11 U 3 1 2 5 4

CU 47.00 41.02 47.S1 46.43 48.57 49.51
SiZn 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 3.92 3.42 3.9 3.67 4.05 4.13
RANK 1 3 2 4 5

13 26.O0 254.14 20.637 194.30 213.69 74.36
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 22.17 21.18 18.36 16.19 17.82 12.39
RANK 5 4 2 3 1

NI 26.00 32.24 8.76 20.00 167.12 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 2.17 2.69 .73 1.67 13.93 886.00
RANK 3 1 2 4 5

S 65.00 71.11 71.03 71.21 85.72 60.57
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 5.42 5.93 5.92 5.93 7.14 S.0S
RANK 3 2 4 S 1

TI 40.00 44.50 45.33 43.82 44.29 25.18
SiZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 3.33 3.71 3.78 3.65 3.69 4.20
RAN K 3 4 1 2 S

DATAAL PPI9*8

FE 469.00 547.44 363.16 415.18 17220.25 .00
SiZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 39.06 45.6 30.26 34.60 1435.02 866.00
RAW1 3 1 2 S 4

AG 33.00 28.08 26.34 26.91 37.04 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 2.7S 2.34 2.19 2.24 3.09 666.00
RANK 3 1 2 4 5

AL 74.00 63.13 58.35 61.43 149.71 10.28
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 6.17 5.26 4.86 5.12 12.48 1.71
RANK 4 2 3 5 1

CR 2.00 3.48 3.37 3.36 96.86 .00
SIZE 12.00 12.00 2.00 12.00 12.00 .00
RATIO .17 .29 .28 .28 8.07 666.00
RAN K 3 2 1 4 5

CU 32.00 35.41 41.01 42.99 43.21 45.57
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 2.67 2.95 3.42 3.S8 3.60 3.80
RAWK U 1 2 3 4 5

me 91.00 83.41 95.59 94.42 280.57 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 7.S8 6.95 7.97 7.87 23.38 86.00
PRANK 1 3 2 4 S

NI 30.00 28.64 8.25 16. 9 478.03 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 2.50 2.40 .69 1.41 39.84 866.00
R*ANK 3 1 2 4 5
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SI 132.00 329.10 306.22 305.16 316.09 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 11.00 27.42 25.52 25.43 26.34 888.00
RANK 4 2 1 3 5

TI 35.00 32.77 27.75 29.39 27.98 28.11
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 2.92 2.73 2.31 2.4S 2.33 2.34
RAW S 1 4 2 3

0ATAAL PP"I409

FE 915.00 896.53 673.04 76.S2 2643.6 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 76.25 74.71 56.09 65.71 220.32 888.00
RANK 3 1 2 4 5
-- --------------------------------------------------------------

AG 41.00 147.67 5523.28 292.S4 90.84 7.25
SIZE 12.00 12.00 12.00 12.00 2.00 6.00
RATIO 3.42 12.31 460.27 24.38 7.57 1.21
RANK 3 5 4 2 1

AL 277.00 283.60 26s.16 264.74 255.95 265.68
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 23.08 23.63 22.10 22.06 21.33 22.14
RANK 5 3 2 1 4
illllililil------i-----i--i--lillli-illi-i--i--------i--l--illl-i

CR 3.00 4.47 5.43 5.10 26.16 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO .25 .37 .4S .42 2.16 68.00
RANK 1 3 2 4 s

CU 134.00 146.62 157.16 154.99 216.25 153.89
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 11.17 12.22 13.10 12.92 16.19 12.62
RAW 1 4 3 S 2

mG 73.00 77.80 78.61 76.53 95.99 66.93
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 6.08 6.48 6.ss 6.38 6.00 11.15
RAW 2 3 1 4 S
-----------------------------------------------------------------

1I 3.00 2.85 73.03 6.8 97.48 7.02
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .25 .24 6.09 .ss 8.12 1.17
RAW 1 4 2 5 3
-i----------i---i-i-i-i--li----l----------------------ia---ii-i--

SI 52S.00 .00 216.03 .00 5087.06 .00
SIZE 12.00 .00 12.00 .00 12.00 .00
RATIO 43.75 886.00 18.00 888.00 423.92 866.00
RANK 3 1 4 2 5

TI 29.00 Z5.84 26.30 23.93 26.04 21.23
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.42 2.15 2.19 1.99 2.17 3.54
RANK 2 4 1 3 5

DATAAL PPH412

FE 41.00 SO.60 142.39 76.18 1098.40 65.99
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 3.42 4.22 11.87 6.35 91.53 14.33
RANK 1 3 2 S 4

AG 6.00 S.SO 3.93 4.56 11.75 1.68
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .SO .46 .33 .38 .9 .14
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RAK4 a 3 S 1

AL 65.00 241.77 357.39 280.80 53.34 .00
s 12.0 12.00 12.00 12.00 6.00 .00
RATIO 7.06 20.15 29.76 23.40 8.89 888.00
RI W 2 4 3 1 5

t 3.00 2.53 1.94 2.47 15.26 .25
SE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .25 .21 .16 .21 1.27 .04
RAN 4 2 3 5 1

cu 33.00 35.8t 47.30 44.36 51.29 47.38
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 2.75 2.99 3.94 3.70 4.27 3.95
R"h64 3 1 3 2 5 4

I 53.00 42.21 43.6 44.11 163.60 18.44
SiE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 4.42 3.52 3.64 3.66 13.63 3.07
RANK 2 3 4 S 1

NI 23.00 16.25 609.13 19.34 %.26 22.S7
SiZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 1.92 1.35 67.43 1.61 8.02 3.76
RANK 1 5 2 4 3

SI 880.00 1541.92 .00 .00 3279.27 .00
SIZE 12.00 12.00 .00 .00 12.00 .00
RATIO 73.33 128.49 86.00 888.00 273.27 868.00
RAWK U 1 3 4 2 S

TI 21.00 21.31 20.92 20.66 21.39 20.88
SIZE 12.00 12.00 12.00 12.00 2.00 12.00
RATIO 1.75 1.78 1.74 1.72 1.78 1.74
RANK 4 3 1 5 2

DATAAL PPM413

FE 320.00 298.6 2303.91 231.51 96.67 147.91
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 26.67 24.89 191.99 19.29 82.22 12.33
RAK 3 S 2 4 1

AG 17.00 17.38 15.35 16.32 21.01 14.15
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 1.42 1.45 1.28 1.36 1.75 1.18
RAW 4 2 3 S 1

AL 124.00 267.30 138.11 14.47 16.94 16.80
SIZE 12.00 12.00 12.00 6.00 6.00 6.00
RATIO 10.33 22.27 11.51 2.41 2.62 2.80
RANK 5 4 1 3 2

CR 7.00 4.46 20.26 4.47 15.25 1.16
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO •So .37 1.69 .37 1.27 .20
RANK 3 s 2 4 1

CU 61.00 65.38 6.26 61.92 99.S1 57.06
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 6.75 S.45 5.69 5.16 8.29 4.75
RAWI 3 4 2 S 1

HI 72.00 66.45 66.13 65.62 110.91 55.46
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 6.00 S.S4 S.S1 5.47 9.24 9.24
RAK 3 2 1 4 S
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NI 16.00 16.21 306.24 16.84 87.17 14.39
SIE 12.0 12.00 12.00 12.00 12.00 6.00
RATIO 1.55 1.3 25.52 1.40 7.26 2.40
RAN U 1 2 2 4 3

SI 546.00 3253.60 363.43 37162.64 1317.7. .00
SIZE 12.00 12.00 6.00 12.00 12.00 .00
RATIO 45.67 271.13 60.57 3096.69 109.81 6n. 00
RANK U 3 1 5 2 4

TZ 25.00 30.57 26.31 31.13 29.47 29.45
SIZE 12.00 1t.00 12.00 12.00 12.00 12.00
RATIO 2.08 2.55 2.19 2.59 2.46 2.45
RANK 4 1 1 5 3 2

OATAL PWI1S

Ft 95.00 Is.18 97.72 76.61 768.92 110.22
SIZE It.00 1t.00 12.00 12.00 12.00 12.00
RATIO 7.92 8.18 8.14 6.40 64.08 9.18
RANK 3 2 1 5 4

AD 8.00 7.57 7.66 7.93 8.29 7.53
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .67 .63 .66 .66 .69 .63
RANK 2 3 4 5 1

AL 67.00 68.27 109.28 88.64 113.79 65.55
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 5.58 7.36 9.11 7.39 9.48 7.13
RANK U 2 4 3 5 1

CR 2.00 1.43 .93 .66 5.70 .51
SiE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .17 .12 .06 .07 .468 .04
RANK 4 3 2 5 1

CU 23.00 Z5.87 27.27 26.05 65.71 32.73
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 1.92 2.16 2.27 2.34 5.46 2.73
RANK 1 2 3 5 4

me 31.00 24.13 29.92 30.06 124.74 12.40
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.56 2.01 2.49 2.51 10.39 2.07
RANK 1 3 4 5 2

NI 13.00 12.73 4123.45 16.17 39.13 19.71
SIZE 12.00 12.00 6.00 12.00 12.00 12.00
RATIO 1.08 1.06 70.58 1.35 3.26 1.64
RANK 1 5 2 4 3

SI 288.00 197.67 344.15 222.31 174.00 .00
SIZE 11.00 6.00 2.00 6.00 6.00 .00
RATIO 26.18 32.9 28.6 37.05 29.00 888.00
RANK 0 3 1 4 2 5

TI 20.00 14.81 9.61 14.66 14.62 .00
SIZE 2.00 12.00 6.00 12.00 12.00 .00
RATIO 1.67 1.13 1.60 1.24 1.22 888.00
RANK 2 4 3 1 5

OATAAL PPM16

FE 372.00 1112.62 906.69 971.94 1775.91 93.76
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
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IAT2O 31.00 92.72 75.56 0.99 147.99 15.63
RAN 4 a 3 5 1

As 11.00 23.19 2t."5 22.93 1.28 6.51
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .92 1.93 1.90 1.91 1.52 1.09
RNK1 5 3 4 2 1

AL 81.00 114.20 106.24 108.97 117.13 110.48
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 6.75 9.51 G.85 9.06 9.79 9.21
RAW * 4 1 2 5 3

CI 5.00 19.94 17.17 18.37 18.20 .69
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .42 1.66 1.43 1.53 1.52 .15
RAWII 5 2 4 3 1

CU 26.00 141.6t 145.05 140.81 127.41 138.40
SiZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 2.17 11.80 12.09 11.73 10.62 11.53
RANK 4 5 3 1 2

mo 29.00 106.64 115.62 112.50 121.80 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 2.42 6.69 9.64 9.37 10.15 888.00
RANK U 1 3 2 4 5

NI 15.00 96.20 153.6" 90.07 116.51 83.23
SI 12.00 12.00 12.00 12.00 12.00 .6.00
RATIO 1.25 8.02 12.81 7.51 9.8 13.87
RANK 2 4 1 3 5

SI 146.00 928.14 1096.13 1076.9 425.30 40.81
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 12.33 77.35 91.51 89.91 35.44 6.80
RANK 3 5 4 2 1

TI 35.00 53.25 14.04 59.28 57.97 .00
SIZE 12.00 12.00 6.00 12.00 12.00 .00
RATIO 2.92 4.44 2.34 4.94 4.83 86.00
RAINK 2 1 4 3 5

DATAAL PPMSO1

FE 180.00 78.30 179.09 131.65 7817.24 .00
SiZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 15.00 6.52 14.92 10.97 651.44 888.00
RANK 1 3 2 4 5

AG 10.00 9.19 6.30 7.81 31.30 1.95
SiZE 11.00 12.00 12.00 12.00 12.00 6.00
RATIO .91 .77 .53 .65 2.61 .32
RANK 4 2 3 5 1

AL 104.00 139.48 60.48 45.26 44.0 43.34
SiZE 10.00 12.00 12.00 6.00 6.00 6.00
RATIO 10.40 11.62 5.04 7.S4 7.68 7.22
RAW 5 1 3 4 2

CR 3.00 5.66 23.18 6.15 31.26 .00
siZe 11.00 12.00 12.00 12.00 12.00 .00
RATIO .27 .47 1.93 .51 2.61 866.00
RANK o 1 3 2 4 5

Cu 16.00 11.63 9.58 10.06 19.84 9.96
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 1.33 .97 .80 .84 1.65 .83
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4 1 3 5 2

me 183.00 187.93 190.79 190.92 1091.13 .00
SiZE 11.00 12.00 12.00 2.00 12.00 .00
RATIO 16.64 15.66 1. 90 15.91 90.93 86. 00
RAW 1 2 3 4 5

NI 21.00 19.30 141.79 24.63 185.73 .00
SIZE 11.00 12.00 12.00 12.00 12.00 .00
RATIO 1.91 1.61 11.82 2.07 15.48 886.00
RAW 1 3 2 4 S

SI 408.00 896.40 499.61 232.03 537.23 564.70
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 34.00 74.87 41.65 19.34 44.77 47.06
RANK 5 2 1 3 4

TI 23.00 19.37 18.98 18.74 18.88 8.07
SIZE 11.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.09 1.61 1.58 1.56 1.57 1.34
RAW 5 4 2 3 1

DATAAL PPWSO2

FE 310.00 299.60 267.45 281.80 402.93 260.74
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 25.83 24.97 22.29 23.46 33.56 21.73
RANK 4 2 3 5 1

AG 4.00 3.14 3.S1 4.14 10.61 4.13
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .33 .26 .29 .34 .88 .34
RANK 1 2 4 s 3

AL 438.00 486.21 453.86 454.93 4541.83 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 36.SO 40.68 37.82 37.91 378.49 886.00
RANK 3 1 2 4 S

CR 6.00 7.42 6.21 7.13 21.56 1.12
SIZE 11.00 12.00 12.00 12.00 12.00 6.00
RATIO .SS .62 .52 .59 1.80 .19
RAM 4 2 3 S 1

CU 36.00 40.26 41.72 44.04 48.01 51.0S
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 3.00 3.35 3.48 3.67 4.00 4.25
RANK 1 2 3 4 s

Mr 182.00 169.20 191.42 189.20 2219.1S .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 15.17 14.10 15.95 15.77 184.93 688.00
RANK 1 3 2 4 S

NI 2S.00 11.97 165.09 7.33 37.72 1.79
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.08 1.00 15.42 .61 3.14 .30
RANK 3 5 2 4 1

SI 230.00 136.61 53.51 143.39 56.97 .00
SIZE 11.00 12.00 6.00 12.00 6.00 .00
RATIO 20.91 11.38 8.92 11.95 9.83 888.00
RANK 3 1 4 2 S

TI 30.00 34.99 36.46 64.72 42.SO 15.75
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.SO 2.92 3.04 5.39 3.54 2.62
RAW 0 2 3 5 4 1
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DATAAL PP9903

FE 1666.00 2124.96 2092.60 2073.75 t461.U 1363.09
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 139.00 177.06 174.38 172.81 205.15 227.18
RANK 3 2 1 4 5

- - 27.00 50.22 43.14 43.26 13.61 .00
SE 11.00 12.00 1t.00 1t.00 6.00 .00
RATIO 2.45 4.18 3.60 3.60 2.30 888.O0
RAN 4 2 3 1 5

AL 141.00 -21.83 209.43 67.76 67.44 .00
SIZE 12.00 12.00 2.00 6.00 6.00 .00
RATIO 11.75 17.99 17.45 11.29 11.24 666.00
RANK 4 3 2 1 5

CR 9.00 23.01 23.92 22.41 25.39 7.38
SIZE 11.00 12.00 12.00 12.00 12.00 6.00
RATIO .82 1.92 1.99 1.87 2.12 1.23
RAKM 3 4 2 5 1

CU 447.00 652.44 650.39 637.09 611.21 261.30
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 37.25 54.37 54.20 53.09 50.93 46.66
RANK 05 4 3 2 1

m1 79.00 183.36 182.30 181.26 13744.22 .00
SIZE 12.0 12.00 12.00 12.00 12.00 .00
RATIO 6.58 15.28 1S.19 15.10 1145.35 888.00
RANK 3 2 1 5 4

NI 149.00 252.63 5661.19 2so.95 220.62 156.12
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 12.42 21.05 488.43 20.91 18.39 26.02
RANK 0 3 S 2 1 4

SI 1411.00 76. 20 4163.73 660.7S 3977.22 .00
SIZE 12.00 6.00 12.00 12.00 6.00 .00
RATIO 117.5M 128.03 346.96 73.40 662.87 888.00
RANK 2 3 1 4 5

TI 94.00 192.46 117.78 124.93 36.04 .00
SIZE 12.00 12.00 12.00 12.00 6.00 .00
RATIO 7.83 16.04 9.82 10.41 6.01 86.00
RANK 4 2 3 1 5

DATAAL PP904

FE 1047.00 1171.91 1653.12 1159.36 152S.00 1168.39
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 87.25 97.66 137.76 96.61 127.08 97.37
RANK 3 5 1 4 2

AG 12.00 14.46 12.87 13.81 15.14 13.80
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 1.00 1.21 1.07 1.15 1.26 1.1S
RAW0 4 1 3 5 2

AL 317.00 760.40 361.65 187.29 676.56 . 00
SIZE 12.00 12.00 12.00 6.00 6.00 .00
RATIO 26.42 63.37 30.14 31.21 112.76 666.00
RAW 0 3 1 2 4 5

CR 11.00 9.05 13.12 9.30 11.83 9.38
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
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RATIO .92 .75 1.09 .77 .99 .78
RANK 1 S 2 4 3

CU 222.00 240.31 193.48 226.03 84.m 214.89
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 18.50 20.03 16.12 18.84 23.71 17.91
RANK 4 1 3 S 2

146 132.00 160.42 157.35 157.49 1412.08 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 11.00 13.37 13.11 13.12 117.67 686.00
RAW * 3 1 2 4 S

NI 74.00 71.55 77.34 71.63 83.46 72.91
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 6.17 5.96 6.44 5.97 6.95 6.08
RAW 1 4 2 5 3
------ ii-il-i-e------------------i----i------------------i------i

SI 108.00 203.42 263.66 238.0S 222.00 80.49
SIZE 11.00 11.00 11.00 11.00 12.00 6.00
RATIO 9.82 18.49 23.97 21.64 18.50 13.42
RAK a 2 S 4 3 1

TI 21.00 25.83 93.57 33.93 3.09 .00
SIZE 12.00 12.00 2.00 12.00 6.00 .00
RATIO 1.75 2.15 7.80 2.83 .52 868.00
RAW 2 4 3 1 S

OATAAL PPMSOS

FE 440.00 424.89 63786.81 578.67 669.23 628.68
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 36.67 35.41 5315.57 48.22 55.77 52.39
RAW 1 5 2 4 3

AG 2.00 1.50 3.23 1.87 1.65 1.84
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .17 .13 .27 .16 .14 .15
RANK 1 S 4 2 3

AL 1239.00 454.57 360.05 .00 36003.11 .00
SIZE 12.00 6.00 12.00 .00 6.00 .00
RATIO 103.2S 75.76 30.00 888.00 6000.s2 888.00
RAW 2 1 3 S 4

CR 2.00 1.86 2.26 2.99 3.07 3.04
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .17 .16 .19 .25 .26 .25
RANK1 2 3 S 4

CU 71.00 65.40 37.30 78.48 81.53 81.01
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 5.92 S.45 3.11 6.54 6.79 6.75
RANK 2 1 3 5 4

1e 144.00 154.07 1S3.27 1S3.39 481.96 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 12.00 12.84 12.77 12.76 40.16 686.00
RAW U 3 1 2 4 5

NI 10.00 12.28 47.80 21.40 21.93 21.83

SIZE 12.00 12.00 12.00 12.00 12.00 2.00

RATIO .83 1.02 3.98 1.78 1.83 1.82
RAW U 1 S 2 4 3

SI 71.00 69.86 210.06 71.19 70.94 28.93
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 5.92 S.82 17.50 5.93 5.91 4.82
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RANK 2 5 4 3 1

TI 21.00 25.80 23.69 39.51 29.40 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 1.75 2.15 1.97 3.29 2.45 868.00
RANK 2 1 4 3 5

DATAAL PPHS07

FIE 596.00 560.43 2731.83 738.05 976.95 793.70
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 49.83 46.70 227.65 61.50 81.41 66.14
RANK 1 5 2 4 3

AG 9.00 6.41 7.96 7.16 11.86 7.30
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .75 .53 .66 .60 .99 .61
RAW 1 4 2 5 3

AL 324.00 557.96 509.22 .00 .00 .00
SIZE 6.00 6.00 12.00 .00 .00 .00
RATIO 54.00 92.99 42.44 688.00 886.00 868.00
RANK 2 1 3 4 5

CR 4.00 4.57 2.92 6.39 11.64 1.38
SIZE 12.00 12.00 6.00 12.00 12.00 6.00
RATIO .33 .38 .49 .53 .97 .23
RANK 2 3 4 5 1

CU 61.00 57.13 69.86 65.67 80.20 69.83
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 5.08 4.76 5.82 5.47 6.68 5.82
RANK 1 4 2 5 3

mS 180.00 231.80 206.02 243.13 2856.46 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 15.00 19.32 1.7.17 20.26 238.04 888.00
RANK 2 1 5 4 5

NI 35.00 33.17 39.69 44.62 S6.64 48.32
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 2.92 2.76 3.31 3.72 4.72 4.03
RAW 1 2 5 5 4

SI 194.00 258.31 75630.78 432.152415930.14 .00
SIZE 6.00 6.00 11.00 6.00 12.00 .00
RATIO 32.33 43.05 6875.53 72.02 201327.51 888.00
RANK 1 4 2 5 3

TI 45.00 43.50 66.30 4.4.06 45.37 20.91
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 3.75 3.62 5.52 3.67 3.78 3.49
RANK 2 5 3 4 1
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